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T HIS series of studies wns undertaken to investi'.’atc factors causing un- 
toward reactions in i)alients wlio were undergoing tlicrapy witii a combina- 
tion of penicillin and licpariii.'-’ The purpose of the present investigation was 
to determine whether the patients receiving intensive and prolonged treatment 
with penicillin dcvcloiied a sensitivity to the drug, and whether they eventually 
actluired a sensitivity to the mold, Pcnicillium notatum, the source of penicillin. 

The procedure of eombined i)cnieillin-heparin treatment of patients with 
subacute haeterial endocarditis consists of the eontinuous intravenous admin- 
i.stralion of penicillin in saline solution for a .sufficient periorl of time to render 
the blood sterile. In addition, heparin, in a retarding menstruum,* is admin- 
istered subcutaneously at intervals of several days, or the aqueous solution is 
given with the infusion of penicillin, (icnerally a single course of treatment 
is adequate, although some patients require repented emirsos. 

In a rapidly exitanding literature on the re.sults of penicillin thernpy, there 
is little information pertaining to allergic phenomena due to the drug or to im- 
munologic studies related thereto. Keefer and eo-workors® mentioned the oe- 
curreueo of faurtccii iustauecs of urticaria in over 500 treated patients. Its 
apitearance or disaiijiearance hore tio consistent relationship to the administra- 
tion or withdrawal of the drug. No immunologic inve.stigntions had been car- 
ried out. Byons" stated that urticaria occurred twelve times in 209 treated 
patients and was associated with a tcmitcraturc rise in some. Tests for cutaneous 
and ojihthnlmie sensitivity both during and after the active phase of urticaria 
were negative. The author, however, gave no details about the procedures which 
were employed. Prccipitins were also absent. Dawson and Hobby’ referred 
to three instances of urticaria in a group of 100 jiaticnts. Herrell, Nichols, and 
Heilman' noted the appearance of “cutaneous sensitivity’’ in two of 150 treated 
patients. These authors and others who reported the appearance of urticaria 
did not conduct any immunologic studies. Pyle and Rattner® desenbed the oc- 
currence of contact dermatitis in a mcdic.al officer engaged in the preparation 
of penicillin solutions. A positive patch test with penicillin was demonstrated. 

For a number of reasons the group of patients under treatment with peni- 
cillin and heparin presented an ideal scries on which to study the possible sen- 
sitizing effects of penicillin. They were receiving larger doses of the drag than 
were being administered in most Iio.spitals where penicillin therapy was being 
studied. Furthermore, they were under treatment for fairly long periods of 
time. Of greatest significance was the fact that some of them received therapy 
in interrapted courses. Finally, these patients upon discharge from the hospi- 
tal were directed to return for clinical checkup, and thus some of them could 
he tested weeks or months after therapy had been discontinued. 

From tlic Deimrlment of AllerRy anU the Department of Medicine. Jewish Hospital of 
Brooklyn. 
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SKIN TEST STUDIES WITH PENICIELIN SOLUTION 

Control study . — 

Technique: The sodium salt of penicillin* was used. This preparation had 
a potency of approximately 1,000 Oxford units per milligram of the drug. Skin 
testing was performed by the intracutaneous method. When distilled water was 
used to dissolve the drug, it was found that the tests with this solution caused 
a stinging sensation at the injection sites. The use of physiologic saline as the 
diluent alleviated the discomfort. 

The solutions were generally used from one to several hours after their 
preparation. At times a solution which had been stored in the refrigerator for 
several daj’s or weeks was employed. Such solutions did not prove irritating 
nor did they seem to produce smaller reactions than freshly prepared ones. 

At the outset a solution consisting of 200 units of penicillin per cubic 
centimeter was used, but later a concentration of from 5,000 to 10,000 units per 
cubic centimeter was found to be practical for routine testing. The color of the 
solution varied from a pale yellow to a light amber wnth different lots of the 
salt. 

Subjects: When these studies wei’e originally undertaken most of the pa- 
tients I'eceiving combined therapy were already in various stages of treatment. 
Several patients, however, were tested before therapy was instituted. More- 
over, adequate control studies were made on both nonatopic and atopic subjects. 
Each control subject was tested ■with both penicillin solution and with physi- 
ologic saline. No ophthalmic tests wei*e performed. 

There were at least seventy-five control subjects. These included men and 
women hospital patients with various ailments, such as coronary aiferj^ disease, 
convalescent pneumonia, arteriosclerotic disease, and others. In addition, there 
were several patients who were under penicillin therapy for from one to three 
days. They were regarded as suitable controls because of the early stage of 
treatment. 

The control group included thirty patients under treatment for various 
allergic complaints. Jlost of these subjects demonstrated positive reactions to 
the common allergens. 

Results: Each test and saline control were recorded according to the degree 
of whcaling and eiwthema production. Where indicated, tests were repeated 
one or several times. 

In most instances it was found there Avas little Amriation between test and 
control in regard to the size of the AA'heal or the extent of enUhema formation. 
The largest AA'heal Avas under a 1 plus and the strongest erj-thema, in or beloAV 
a 1 plus. It Avas found that solutions made from some lots of penicillin Avere 
more irritating than others, especially those test solutions Avhieh AA'ere deep 
amber in color. Eetesting of the subjects AA'ith solutions made from a more re- 
cently obtained lot of the ding frequently elicited essentially negative reactions. 
These tests thus compared favorably A\-ith those done AA'ith normal saline. No 
delayed i-eaetions Avere found in either the nonatopic or atopic control subjects. 

Studies on Patients Receiving Penicillin Treatment . — 

Subjects: TAventy-three patients under active therapj' Avere tested from 
one to six times, the average number of tests for the group being four. Each 
test Avas checked Avith noniial saline. Tests Averc carried out cither during the 
course of therapy or in the interi'als between courses. The follow-up tests 
AA'ere done at intervals of Aveeks or months. 

•AA'o nro Indebted to 'Mr. John L. Smith, of the Charlc.s Pflzer Co.. Broohljn, N. Y.. who 
supplied the penicillin used In thhs study. 
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Seven recovered paticnls in this ftroup, who returned lor a clinical clieckup, 
were tested from twelve to thirty-two weeks after completion of tlie final course 
of treatment with penicillin. Also, two patients who were subsequentlj' re- 
hospitalized, one for a reinfection, the other for coimestivc heart failure, were 
retested from seven to ten and one-half months after penicillin treatment had 
been concluded. In addition, four recovered patients, who had never been 
studied during- active treatment, were tested from eight to twenty-two weeks 
after receiving their last coui-se of penicillin therapy. 

licsitlls: The tests were recorded and analyzed as in the control studies. 
Since these tests were done with newer and, therefore, purer specimens of 
penicillin, there was even loss tendency to iiroducc irritation of the skin than 
was observed in the control studic.s. In no in.stanee was there even a wheal or 
an eiythema up to a 1 plus. In most instances the readings compared favor- 
ably irith tho.se of the saline controls. IVherc there was a slight increase in 
skin reactivity at the sites of the penicillin tests, it was considered that this 
finding fell well within the range of technical variation. No delayed reactions 
were encountered. 

Ophthalmic Texts; One or two drops of the tost .solution {5.000 Oxford 
units per cubic centimeter) were instilled into the lower conjunctival sac of one 
eye. The conjunctiva was watched for at least twenty minutes for evidence of 
itching, edema, congestion, or iachynnation. There wei-e no positive ophthalmic 
tests. 

Analysis of Cases; An appraisal of such factors ns duration of treatment, 
number of courses given, total dose administered, etc., will emphasize the sig- 
nificance of the findings obtained in this study. Of the twenty-seven patients, 
fifteen had received one course of treatment, six wore given two courses, two 
had three courses, one had four course.s, one was given five courses, and two 
received six courses. The longest period of treatment in a patient who had been 
given a single course was twenty-three days. The largest dose administered to 
a patient receiving a single course of therapy was 4,785,000 Oxford units during 
a twenty-one-day period. In patients to whom multiple courses were given, 
the longest course covered a" period of fifty-two days, dui-ing which 44,500,000 
units had been administered. The rest intciwals between courses ranged from 
two to fifty-three days. 

The most striking data concern a man who had received si.x courses of 
therapy over a total period of 230 days, of which 185 were actual treatment 
days. The courses ran from tw-clvc to fifty-two days, the free intervals from 
two to thirteen days. The smallest dose in any one course was 2,700,000 units, 
and the largest was 44,500,000 units. The total dose given during the entire 
period of treatment was 112,620,000 Oxford units. This patient did not de- 
velop any clinical sensitivity to penicillin nor did he show any positive skin re- 
actions to penicillin. 

STUDIES FOR SENSITHUTY TO D. NOTATUM 

Test Materials and Procedure . — The solution used for intracutaneous testing 
was an extract of P. notatum equal to .01 or .1 mg. total nitrogen.* All peni- 
cillin-treated patients were tested with these solutions and were given a control 
test with buffered saline. Tests were cheeked frequently when indicated. As a 
further control, many of the patients, particularly those who showed question- 

•AUergenic extr.ict for skin testing supplied through the courtesy of Dr, A. F. Coca, of 
L«(lerle Laboratories, Inc., Pearl River, N, Y, 
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able or small reactions, ^Yere in addition tested with extracts of other molds such 
as Altcrnaria, Hormodendrum, Penicillium rubrum, and Penicillium digitatum. 

Rcsidis. — In many instances both test and control gave similar findings and 
many of these were completely negative. In others more wliealing and erjdhema 
were present at the test site than at the control. Whealing was never larger 
than a 1 plus. Tlie degree of ei’jdhema did not exceed a 1 plus. Furthermore, 
in all instances where a small reaction was elicited with the exiraet of P. 
iwtatnm, reactions of similar intensity were brought out by one or usually all 
of the other molds. 

As additional control, in order to determine the average skin reaction pro- 
duced by testing with P. notatum, at least 200 subjects, most of them allergic 
patients, were tested with this extract and, in most instances, with the other 
mold extracts mentioned previously. Here again it was found that in the con- 
centration .1 mg. nitrogen per cubic centimeter, the extract of P. notatum was 
essentially nonirritating to the skin and only occasionally produced a small 
wheal and eiudhema. Iii such instances tests with the other mold e.xtraets 
elicited similar findings. 

DISCUSSION 

Twenty-seven patients undergoing prolonged intensive therapy with peni- 
cillin did not reveal any sensitivity by either intracutaneous or ophthalmic 
tests. The dosage of penicillin had been high, treatment had been given over 
long periods of time, and in nearly one-half the patients therapj’’ had been ad- 
ministered in interrupted eoui’ses. These circumstances would ordinarily favor 
active sensitization to the dm g employed, if a potent antigenic substance were 
involved. The results clearly indicate that penicillin is not a potent antigenic 
product. 

Only one report in the literature calls attention to the presence of anti- 
bodies to penicillui. Criep’'’ demonstrated positive direct and passive transfer 
tests to penicillin in a patient who had dcvelojied urticaria following the first 
injection in a second course of treatment. Another report of interest im- 
munologically was the demonstration by Welch and Eostenberg^^ of an intense, 
delayed, tuberculin type reaction resulting from the intracutaneous test with 
either commercial or crystalline penicillin in a person who had never been 
treated with the drug. He had been engaged for fifteen years in the handling 
of a variety of molds. In a footnote these authors state that approximately 5 
per eent of 140 unexposed persons exhibited a tuberculin tj’pe reaction to the 
initial injection of crj^stalline penicillin .sodium. This is at variance with the 
findings obtained in the present study, wherein no delayed reactions were ob- 
tained in either atopic or nonatopic control subjects. 

The second part of this study revealed the absence of anj’- positive reactions 
to an extract of the mold Penicillium notatum. The counterpart of these results 
is found in the findings of Feinberg,*- who studied ten patients who were sensi- 
tive both clinically and by scratch te.st to the molds P. digitatum or P. rubrum. 
Tliey gave positive intracutaneous tests with an extract of P. notatum but did 
not react to a solution of penicillin containing 25,000 Oxford units per cubic 
centimeter. 

.SUSIMAUY 

Twenty-.seven patients receiving intensive and prolonged treatment with 
penicillin failed to develoj) any positive .skin or ophthalmic reactions to a .solu- 
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tiou of penicillin coiitaininp: 10,000 units pci* cubic centimeter. Tiiesc patients 
did not dcvcloj) any positive skin reactions to the source of this product, tlie 
mold F. iiotaUim. 

From the present study penicillin would appear to be a vci'}' iioorsensitizins: 
agent. 
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THE EFFECT OF AKTIFICALEY INDUCED FEVER ON limiORAE 
ANTIBODIES AND ON HISTAJIIiNE INTOXICATION 
IN THE GUINEA PIG 

R. Y. Gottsciiall, Pu.D.,* D. Laurent, B.S.,* and P. deKruif, Ph.D.* 
Lansing, Mich. 

In Colladoration With 

W. M. Simpson, M.D.,t H. "W. Kendeud, M.D.,t and D. L. Rose, M.D.f 
Dayton, Ohio 

TN a PREVIOUS report^ it was demonstrated that sensitivity to lior-se semm in 
1 actively sensitized guinea pigs was suppressed by az'tifieialJy induced hyper- 
pyrexia. Protection was afforded when sensitized animals were heated to 43.3° 
C. (110® F.} and immediately injected with horee scrum or when they were sub- 
jected to a temperature of 42.2° C. (108° F.) for thirty minutes and then given 
an intravenous injection of antigen. In this connection we have attempted to 
study tho effect of fever on several immunologic reactions to determine, if pos- 
sible, the mechanism involved in the suppression of anaphylactic shock at 
febrile temperatures. Since greater protection was obtained in old than in young 
guinea pigs, we liave ii.sed, whenever po.s.sible, animals 2 to 3Vi> .vears of age. 


•Prom the Uiirenu of Laboratories. Allclilgan Department of Health. 
tFrom the Ketterlne Institute for Medical Besean^i, MJaml Valley Hospital. 
Received for publfcatlon, Feb. IG, 3945. 
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KXrKRIMKN'TAL 

7'he Eifccl of Fever on ihe Antiprolcin Tiicr of Ihc Blood Scrum. — Eckcr 
and O’Ncar- and Elliiiftson and (’lark’ have sliown thal fever loinpcralnix's re- 
duce llie antibody liters of rabbits iniiminized afrainst Khcrthello Ipphosa. Tiic 
effect of fever on immoral antibodies, therefore, was investiirated first since 
qnanlilative chan<;es in antibody tiler ini"ht account for a decrease in the sensi- 
tivity of an animal toward a specific antipen. h’or this study seven old male 
pninca pips, .sensitized by subcutaneous in.iection of 1.0 e.c. of a 1 :100 dilution of 
horse senun three months ju'cviously. were in.ie<’ted intravenously with 0.1 c.c. 
of a 1 :2 dilution of norma] hoi-se serum, followed three da.vs later b.v another 
in.iection of 0.1 c.c. of the undiluted aiilipen. One animal died of anaphylnclic 
.shock after the first intravenous in.iection. The si.v siirvivinp animals were 
sub.iected to hiph temperature fr<tm sixteen to thirty days after the final in.iee- 
tion of antipen. One to two houi-s heforc, they were bled by incision of a mar- 
pinal car vein; they were Hum ])laced in the air-conditioned eai)inet and a fever 
tenpicralurc of 42.2° C. was induced as jireviously dcsci-ibcd.' After this rectal 
temperature had been maintained for sixty minutes, the animats were removed 
from the cabinet and 0.5 to 1.5 c.c. of blood obtained by incisinp a vein in the 
opposite ear. Precipitin te.sis {antipen-dilution method) were made on the 
scrums usinp “micro” tubes and praduated capillary j>inettes. The results 
of the titrations art' piven in Table T. They indicate that fever has jio infiuence 
on the precipitin titer of the serum, as measured by the anlipen dilution method. 
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In the following experiment an cfl’ort was made to determine the effect of 
fever on animals whose serum contained only small (juantities of antiprolcin 
antibody. This experiment was conducted over a jicriod of four months, and 
four groups of guinea pigs sensitized at various intervals were used. They 
were sensitized by subcutaneous in.iection of 1.0 c.c. of a 1 :10 dilution of nonnal 
horse serum and were employed from twcnt.v-jiine to seventy-six da.vs after 
sensitization. Before usinp a group, four to six animals were sacrificed to ob- 
tain the approximate minimum lethal do.se. As shown in Table TI, the lethal 
dose has varied. The reason for this variation is not clear and indeed in the last 
group the lethal dose for the individual animals was .so variable that an approxi- 
mate titer could not bo c.stablishcd. One-half of the remaining sensitized animals 
in each group wei’c heated and the others Avere used for controls. On the day 
of the heat ti'catment the animal to be treated was bled. An hour or two later 
a tempcratru'c of 42.2° C. was induced and maintained for sixty minutes. An- 
other bleeding was made and the approximate dose of antigen, as determined 
previously, was in,iected intravenously. The control animal Avas in.ieeted on the 
same day Avith the same quantity of nonnal horse serum Avhich Avas injected 
into the heat-treated animal. 
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DD 658 l-.-l G 0 IG.O hy 18,7 17.2 by lois 1J2 

.T 693 1;4 6 (> 12.8 by 17.0 1.3.8 by 15.0 0.96 

•Diameter of reactions in millimeters. 
tNot done. 
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Table HI. A CoiirAnisoK op the Skik Reactions Euciteb by lNir..M*rp.JTONEAL Injection 
OP Honsr. Pf.f.hm in Guinea Pigs Previously Sensitized Locally With a i;io 
AND A Dilution op Antihorse Serum Antibody 
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Mean diameters of reactions 


30.0 by 12.2 


32.9 by 15.0 


jRaf/o ot areas: 0.€l. 

•Diameter and elevation of reactions In millimeters. 
tCiTthenntous reaction; no edema. 


Table IV. A Cojipariso.v op the Hkin Re.\ctions Elicited by iNTnAfERiTONEAL Injkciion 
or Horse SERUjr in Gui.vea Pics Preitously Sensitized Loc.vlly With Two 
I. vjccno.vs OF A 2 :20 Dilvtjos of Axmionfsp Seruji A.vtibodt 
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Ratio of areas: 1.0. 

•Diameter and elevation of reactions in millimeters. 
tErj’tliematous reaction; no edema. 


intraperitoneally are given in Table IV. The ratio obtained was 1.00, indicating 
that the method can be used for quantitative determination of tlie antiprotein 
titer of serums. 

One-quarter eubie centimeter syringes and siiort beveled 27-gaage needles 
were used for making the intradcrmal injections. It was found that leakage 
of the diluted antiprotein senim after intradcrmal injeetion could be prevented 
by keeping the needle in place in the skin for from six to ten seconds after 
injection. Young guinea pig.s were used for titration because old ones injected 
with the same or with more concentrated solutions of antiprotein serum intra- 
dermally did not react, even though the amount of antigen injected intra- 
peritoneally, calculated from the weight of the animals, was proportional to that 
given to the young guinea pigs. 
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The Effect of Fever on Histamine Intoxication . — Since a febrile temperature 
did not appear to alter tlie hnmoi'al atrtibody content of the serum significantly 
but did reduce sensitivity toward the specific antigen, the effect of fever on a 
nonspecific stimulant, histamine, was studied. Histamine was chosen because 
practically all of the sjTuptoms of anaphylactic shock ai’e thought to be due to 
liberation of this substance during the antigen-antibody reaction,^ Twenty old 
guinea pigs were kept in the heat cabinet at 42.2° C. for thirty raimrtes, and at 
the end of this period a dose of histamine dihydrochloride^ was injected in- 
travenously. The dose of histamine which killed SO to 100 per cent of the con- 
trol animals was determined by pi'eliminary titration on guinea pigs of approxi- 
mately the same age and weight. As a control, one nonheat-treated guinea pig 
for each treated animal was injected at the same time and with the same quantity 
of histamine. The histamine solutions were freshly prepared each day and the 
concentrations repoifed below refer to the free base. The results given in Table 
Y show that thirteen of the twentj' heat-treated animals recovered, whereas only 
one of the control animals sundved. For the male animals, the dose of histamine 
was again deteimined by preliminar 3 ' titration on a small group. From these 
results it appeared that they were more susceptible to histamine and that 0.18 
mg. was sufficient to kill them. Unfortunately, at that time a large number of 
male animals was not available to detemine whether this was the case. Wlien 
old boara were again available, a comparison of the toxicity of histamine in old 
male and female guinea pigs was made. The results, which are not given in de- 
tail, indicated that there was no essential difference in the toxicitj' of histamine 
in the two sexes. 


T.uu.f. V. The Effect of a Fever Temper-vture op 42.2° C. Maint.mned for Thirty Min- 
utes ON THE Response to Hist.vmine in Olo Guinea Pigs 
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•Cnlculnlcd n.** IJio freo linjce. 


To ascertain whether guinea ])igs were protected after iteat treatment and 
after tlicir temjieratures were allowed to return to normal, the following expen'- 
ment was made. Ten old female guinea pigs were kei>l at a temperature of 
42.2° C. for thirty minutes. At the end of this period the cabinet doors were 
ofiened and defenTseence allowed to take place. After the animals attained their 
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lircfever tcniperaluTC, a close oC Iiistamiiic was injected intravenously. For a 
control, one nontreated animal was injected at tlic same time and with tlic same 
dose o£ liistaminc. The results shown in Table VI indicate that the animals are 
protected against liistaminc only during the height of fever. After the tempera- 
ture has returned to normal, they arc as susceptible to the stimulant as arc the 
control animals. 


Tadi.k VI. Tnr. Eitkct or a Feveii TEMrER-vnnm or 42.2* C. SUisrAiNEu for Thirty Mi.n 

UTES ON THE ItE.SPONSF. TO HISTAMINE WHEN INJECTEII AFTER THE TF.MI’ERATIIRE 
Had IIeterneii to Noiimai. 
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•Cnlculntea as the free base. 


The Responae of Intestinal Strips Toward Histamine When Exposed, at 
Various Temperatures. — The effect of histamine on surviving intestinal strips 
was studied to determine whether the same temperature shoini to suppress nn- 
aphylaotie shock in vivo influenced the degree of contraction of this tissue. In 
these e.\periments the tissue was heated to a temperature of 43.3° C. (110° F.) 
since it was demonstrated that bringing sensitized guinea pigs to thi.s temperature 
afforded protection against anapliyhietic shock. Old normal female guinea pigs 
were used. They were sacrificed .and as soon as rcfle.x movement ceased, the ab- 
domen was opened and the ileum removed and placed in warm Ringer-Locke’s 
solution. The ileum was carefully dissected from the mesenterj* and cut into 
segments approximately 12 cm. in length. Detritus within the lumen was 
washed out by allowing large quantities of warm Ringcr-Locke’s solution to 
flow through by gravity. The segments were placed in separate beakers con- 
taining nutrient solution and were used immediately or stored at 5° C. until 
needed. Nicoll and Campbell” found that at a temperature of 5° C. ileal seg- 
ments retain their activity for from three to five days. IVc have verified this 
obsei-vation. Before use, the 12 cm. segments of ileum were cut into four strips 
approximately 3 cm. in length and one or two of these strips suspended in a 
tissue bath containing Ringer-Locke’s solution. O.xygen was bubbled through 
the tissue bath throughout the experiment. The tissue bath was suspended in 
a constant temperature bath regulated at 38.8 or 39.0° C. (101.8 or 102.2° P.}. 
This temperature was 0.3 and 0.05° C., respcetiveljq lower than the mean rectal 
temperature of the heat-treated guinea pigs injected with histamine. The tissues 
were connected to muscle levers with silk thread and recordings made as de- 
scribed by Dale.' Instead of smoked paper, the ink writing pointers described 
by Friedman® were employed. The tissue was allowed to remain in the oxy- 
genated nutrient solution for from forty to fifty minutes before being tested 
with histamine. The quantity of histamine added to the muscle bath was an 
amount sufficient to provoke a submaximal contraction of the ti.ssne. The tis- 
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sue Avas waslied with three clianges of nutrient solution liaving the same tem- 
perature as the batli. Tlie temperature was then increased to 43.3° 0. This 
iisually required from fortj’ to fifty minutes. When tliis temperature was at- 
tained, the same quantity of liistamine was added. After washing the tissue 
three times, the l)ath was cooled to 38.8° C. by running cold water through a 
copper coil suspended in the bath. The same amount of histamine was then 
added as before. Three typical tracings are sliown in Fig. 1. They indicate 
that there is less contraction of tlie tissue at 43.3° C. than at 38.8 or 39.0° C. 
Tliirty-five of these expei'iments were made with tissue derived from six old 
guinea pigs. All except two of tlie tissues showed less response at 43.3° C. than 
at 38.8 or 39.0° C. when exposed to the same concentration of histamine. The 
average magnitude of the contractions after the fii’st addition of histamine at 
38.8 or 39.0° C. was 13.1 mm., at 43.3° C. it was 7.0 mm., and after the last 
addition at 38.8 to 39.0° C. it was 14.4 mm. 

In other experiments the temperature was raised to 45° C. (113° F.) or 
46.0° C. (114.8° F.) and the tissue exposed to histamine. Two typical tracings 
are shovm in Fig. 2. They indicate that there is a marked deer-ease in response 

EXR 38 


EXR 28 




TIME IN SECONDS — 

• CENTIGRADE 39.0 43.3 

HISTAMINE, pg. 0.0012 0.0012 



39.0 3B.8 43.3 

0.0012 0.024 0.024 



38.8 

0.024 


I'Ik:. 1. — Th*- cftoct of tempcr.nturc.*; oC 38.8 to 39.0' C. and 43.3' C. on the re.'^ponsse of Ilea! 

strips to hi.‘itaniine. 
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p-Jc, ;. — The re."!pon-;e of ile.al .itrlp.*! to hl.otamine at 38. S. 43.3, .and 4C.0' C. 
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at those temperatures. Tlie maximum amount of the stimulant to -which the 
tissues were exposed at these elevated temperatures was 2.4 per cubic centi* 
meter. As shown in Fig. 2, there is less contraction to 2.4 /xg per cubic centimeter 
of histamine at 40.0° C. than to 0.024 /ig at 3S.S° C. 

The liesponse of Sensitized Intestinal Strips Toward the Specific Antigen 
When Ji^xposed at Various 7'cmpcraturcs. — Experiments were made with tissue 
from animals sensitized by intraperitoncal injection of 100 mg. of ovalbumin. 
Animals weighing ajjpro.vimatoly 500 grams u'erc used. We were unable to 
sensitize old guinea pigs to such an extent that a response of the excised ileum 
to antigen could be provoked consistently when the animals received a single 
sensitizing dose of ovalbumin. Tlie animals w'erc used from twenty-nine to 
eighty-six days after the sensitizing injection Imd been given. Tiic ovalbumin 
was rccrystallizcd four times aecoi*ding to the method of Cole.’’ Tw’o strips from 
a 12 em. segment of ileum were set up in the tissue bath at 38. S or 39.° C. and 
the temperature was slowly rai.sod to 43.3° C. (from forty to fifty minutes), 
.tin amount of ovalbumin was added which, on prcliminaiy test with a trial strip 
of intestine from the same animal, gave a subinaximal contraction. For a con- 
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*CENTtGRA0E 38 0 
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38.8 43 3 43.3 

0.012 0.012 
001 



43.3 
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EXP 22 
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TIME IN SECONDS 

•CENTIGRADE 390 390 39 0 433 433 433 

HISTAMINE, ^g. 0 012 0.024 0.012 0.024 

OVALBUMIN, mg 

FIc. S.—The response of sensitized ileal strips to ovalbumin and histamine -when expo.sed to 
these substances at 38.8 to 39.0® C. and at 43.3 C. 
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trol the two rcniainiii" strijis were kept at 38.8 or 39.0° C. for from forty to 
fifty mimitc.s. These ti.ssue.s were expo.sed to the same amount of ovalbumin 
as the heated sep:ments. Forty-six of these experiments were made witli tissue 
from nine ”:uinea pisis. In thirty-eight of the tests there was less contraction in 
the strips heated to 43.3° C. than in the control strips kept at 38.8 or 39.0° C. 
for from forty to fifty minutes. Eight strips showed equal or greater contrac- 
tion at tlie elevated temperature. Four typical tracings are shown in Pig. 3. 
The mean magnitude of the contractions of the control strips was 1T.5 mm, and 
for the heated strips it was 10.0 mm. 

Strips were also heated to 45.0 or 46.0° C. In none of the.se tc.sts was there 
any contraction, even when the ti.ssue was exposed to 1.0 mg. per cubic centimeter 
of antigen. Several typical ti’aeings are shown in Fig. 4. Experimcjits were 
then made to determine whether histamine-like substances were released from 
sensitized ileum at these temperatures. For these te.sts guinea pigs weighing 
from 390 to 590 grams were sensitized by a single intrapcritoncal injection of 100 
mg. of crystallized ovalbumin. From thh‘teen to thirty-three days later they 
were killed and approximately 40 cm. of the ileum removed. Detritus within 
the lumen was washed out with wai-m Ringer-Locke ’s solution and the ti.s.sue 
was cut into segments 10 cm. in length. The segments were closed with silk 
thread. One segment was placed in a culture tube containing 1.0 c.c. of Ringer- 
Eocke's solution jireviously immersed in a constant temperatui’e bath regulated 
at 39.0° C. The adjacent segment was also placed in a culture tube eontaining 
1.0 c.c. of Ringer-Locke 's solution, but it was iminei-sed in a constant temperature 
bath regulated at 45.0° C. Throe minutes later, after the muscle had attained 
the temperature of the bath, 1.0 or 10.0 mg. of ovalbumin contained in 1.0 c.c. 
of Ringer-Locke 's solution and having the same temperature as the bath was 
added to each tissue. The tissues were agitated several times and five minutes 
after addition of antigen, 1.0 c.c. of liquid was removed from each tube and 
tc.sted on the excised ileum from normal guinea pigs weighing 300 grams. The 
strip of nonnal ileum was .suspended in a tissue bath regulated at 39.0° C. 
which contained 10.0 c.e. of Ringei’-Locke’s solution. Histamine-like substances 
could not be delected in all of the tissues tested. Several tracings are shown 
in Fig. 5. They show that histamine-like sub.stanees are released from .sensitized 
ileum at 45.0° C. IVe were unable to compare aceui'ately the amounts jnleased 
at 39.0 and 45.0° C. because of the variation in the quantity released by dif- 
ferent strips of tissue. Since histamine-like sub.stanees are released at 45.0° C., 
however, it is probable that the effect of heat on sensitized tissue is primarily 
due to a decrease in the sensitivity of smootli muscle toward the toxic substance 
released and not to a decrease in the reaction i)etween antigen and fixed anti- 
body. 

The Effect of Fever on ihc immedinie Type of Skin Reaefion . — Our next 
concern was whether fever temperatures decreased the sensitirity of sensitized 
skin tissue as well as of smooth muscle tissue. Tlie size of the wheal in tlie im- 
mediate type of reaction during fever wa.s studied. For thc.se tests guinea pigs 
weighing approximately GOO grams were used. The reactions produced in tins 
.size animal ai-e not as large as the reactions elicited in guinea pigs weighing from 
250 to 300 grams, but because .such animals are less excitable and therefore easier 
to handle in the beat cabinet tiian young animals, they were used. The day be- 
fore tile iieat treatment three or four clo.scly clipped animals wore injected in the 
following manner: On both sides of the back and at identical site.s, 0.05 e.e. of 
undiluted antiprotcin serum was injected intradennally. The antiprotcin .senim 
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wns ii pooled seram obtained from young guinea pigs sensitized to horse serum. 
For a control, 0.05 c.c. of undiluted noimial guinea pig serum was injected ap- 
proximately 3 cm. anterior to, and on either one or the other side of, the back. 
On the following day 0.05 e.e. of normal horse serum was injected inlradennally 
into one sensitized site and into the control site previously injected with normal 
guinea pig serum. Sixty minutes later the reactions were measured. The an- 
imals which did not react to the injeetioji of normal horse serum at the sensitized 
site were discarded. One of the animals which showed an immediate type of 
I’csponse to the injection of normal hoi-se serum at the sensitized site was heated 
at 42.2° C. and the temperature maintained for thirty minutes. The animal was 
then removed and 0.05 c.c. of noimal hoi'se serum was injected into the remain- 
ing sensitized site. It was returned to the fever cabinet and the temperature of 
42.2° C. maintained for thirty minutes. At the end of this time the cabinet doors 
were opened and defen’escence was allowed to take place. Thirty minutes later, 
or sixty minutes after injection of antigen, the reaction was measured in two 
diameters. At approximately the same time that the heat-treated animal was 
injected with normal hoi’se seium, the remaining conti'ol animals that reacted to 
the antigen were given the same dose of horse semm at the remaining sensitized 
site. Sixty minutes after injection these reactions were likewise measured in 
two diametei's. The re.sults of these tests are given in Table VII. They show 
that the wheals formed during h:i’perpyi-exia are significantly smaller than those 
formed before induction of fever. It is apparent from these results that skin 
as well as smootli muscle tissue is desensitized during liypei’p.vre.xia. 


T.vni.E VII. Co.\n'.\r.isoN' of tub Immem.\te Type Eeactioxs T3i.icited by Ixteabebmai. 
I.vjEcnoK OF Normae Horse Seru.m ik the Skis of Localey Sexsitized Guixea Pigs 
Before axd During a Fe\-er Tesii-er.wure of 42.2° C. 
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DISCDSSIO.V 

The foregoing experiments indicate that although there is no significant 
change in the antiprotcin titer of an animal's semm during hyperpyrexia, .sensi- 
tivity to the specific antigen is dccrca-ced. All of the hcat-ti-eatcd animals in- 
jected with antigen recovered, while six of the eight control animals given the 
.same dose of horse scrum died of anaphylactic shock. Since febrile temperatures 
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Iiad HO clTect upon the antiprotein content of tlie .serum but did suppress au- 
apliylnctic shock, tlic elTcct of fever on histamine intoxication was studied to 
ascertain wliether iiyperii.vrcxia affected sensitivity toward this nonspecific 
stimulant. Tlie results show that resistance to histamine shock is increased at 
fever temperatures since 95 per cent of the control animals and only 33 per cent 
of the heat-treated animals died when given the same dose of histamine. Pro- 
tection against histamine shock is obtained only during the height of fever. 
"When the temperature has returned to normal after a temperature of 42.2° C. 
has been maintained for thirt.v minutes, the animals are as susceptible to his- 
tamine as the nonheat-treated control animals. Jlir.sky and 'Wasserman'” also 
studied the effect of fever on hi.stnminc in a scries of guinea pigs. They found, 
however, that fever had no effect on histamine intoxication. 

The protection afforded bj- a fever temperature against histamine is not as 
great as that afforded against anaphylactic shock. Thirty-five old sensitized 
guinea pig.s, used in these and other experiments not reported here, were heat- 
treated at a temperature of 41.7 or 42.2° C. for periods of thirty or sixty min- 
utes. At the end of the fever period a dose of hoi-se serum was in.icctcd. Eighty- 
eight per cent of the control animals died, while only 3 per cent of the heat- 
treated animals given the same dose of antigen succumbed. Although it was 
found difficult to compare the degree of severity in histamine .shock with the 
degree of severity in auaphylactie shoek, the symptoms in old heat-treated an- 
imals injected with histamine appeared to be more severe than the symptoms 
in old similarly treated sensitized animals injected with horse serum. 

The in vitro studies on the surviving intestine exposed to histamine make 
it appear probable that a decrease in contractility of this tissue during fever is 
responsible for the protection afforded against this stimulant in vivo. The re- 
sults show that as the temperature is increased from 38.8 to 46.0° C., con- 
tractility of excised smooth muscle, when exposed to histamine, decreases. 'When 
the same tissue was tested at 38.8° C., at 43.3° C., and again, after cooling, at 
38.8° C., approximately the same response was obtained after the last as after 
the fii-st exposure to histamine. This appears to indicate that there is little 
tissue damage at 43.3° C. This was not the case after c.xposure to temperatures 
of 45 or 46° C., however, since there was always less response to histamine 
after the tissue was cooled at 38.8° C. 

In thii-ty-cight of fort.v-six tests, intestinal strips from animals sensitized 
to ovalbumin likewise showed less response at 43.3° C. than at 38.8° C. The 
eight failures may have been due to the fact that ileal strips from the same an- 
imal are not exactly identical in their .sensitivity. Slight differences in the length 
of the tissue, for which we did not attempt to correct, may also play a role. In 
the experiments conducted at 45 and 46° C. there was marked loss of response 
on exposure to ovalbumin. These in vitro experiments indicate that a decrease 
in contractility of smooth muscle tis.sue at elevated temperatures may be partially 
responsible for the protection afforded by fever against anaphylactic shoek in 
vivo. The greater protection afforded by fever to sensitized guinea pigs injected 
with an a.ssaulting dose of antigen than to guinea pigs injected with histamine 
makes it appear probable that still other factors play a role in the desensitization 
of sensitized guinea pigs by fever temperatures. 

summakv 

An artificially induced fever temperature of 42.2° C. maintained for thirty 
minutes has no effect upon the humoral precipitin titer of guinea pigs immunized 
against horse serum. 
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Tlic antiprotein tiler of sensitized guinea pigs is not significantly altered 
by a fever temperature of 42.2° C. maintained for sixty minutes udien the serum 
is titrated by a modified Prausnitz-Kiistner reaction. 

A fever temperature of 42.2° C. maintained for thirty minutes suppresses 
histamine shock. 

In vitro tests with surviving normal intestine exposed to histamine indicate 
that there is less contraction at 43.3, 45.0, or 46.0° C. than at 38.8 or 39.0° C. 
Response of sensitized intestine to the specific antigen (ovalbumin) is also de- 
creased l)y temperatures of 43.3, 45.0, or 46.0° C. 

Tlic immediate type of reaction in the guinea pig’s skin is suppres.sed by a 
fever temperature of 42.2° C. maintained for sixty minutes when tlie locally 
sensitized tissue is injected with the specific antigen during hyperpyrexia. 
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STUDIES ON RICKETTSIAL AGGLUTINATION IN TYPHUS 

Flouen'ce K. Fitzpatrick, JI.A. 

Gi-rnoldex, Pa. 

T he fii-st report of the elei clopment of rickettsial ngghitiuiii.s as tlie result 
of iufeetioii was made by Otto and Dietrich,’ who fotmd tliat the sera of men 
and rabbits convalescent from typhus agglutinated a rickettsial suspension. 
Other early workei-s” confirmed this finding, using the same antigen, a susjieusion 
prepared from infected lice. In more i-ccent yeai-s, with the development of 
metliocLs for rickettsial multiplication apart from the insect I'cctois,’'” our 
knowledge couccniing agglutinins has been amjilified. It is now known tliat 
agglutinins develoji in man and animals reeeiving riekettsial vnceines,'’'“ In- 
formation with iTspect to cross-reactions between the murine and epidemic 
strains, and whether one can distinguish between these infections, is less com- 
plete. Using a murine antigen prepared from rats’ and an infected lou.se sus- 
pension for epidemic antigen, Einsscr and Castaneda"' showed that sera from hu- 
man convale.scents from both types of t.vpluis gave cross-agglutination. These 
authors noted that a higher cross-titer was obtained wlien murine convalesecnt 
serum was tc-sted with cpidcinic antigen than when European serum was set 
up with muriiio antigen. Reports on investigations on the absoiTition of ag- 
glutinins from tyiihus antisera are limited to tho.se of Castaneda and Kligler 
and their co-worlters. It was ob.served by the former” that ab.sorptton of t,yplius 
serum with a suspension of Ilncillus protcus removed only the proteus agglu- 
tinin.s, but that if the same scrum were ab.sorbed with rickctt.sial antigen, both 
proteus and rickettsial agglutinins were removed. Kligler and Oleinik” re- 
ported that absorption with cither eiiidemic or murine antigen did not remove 
heterologous agglutinins completely. 

The present report deals with the results of agglutination tests obtained 
over a period of yeais with a variety of sera from man and animals infected 
with or vaccinated against typhus, with the cross-agglutinations encountered, 
and with scrum ab.sorption c.xperimciits. 

JIF.TIIODS AXD »1.VTF.RIALS 

Some of the agglutinations were performed with the tissue culture antigen 
previously described," but for the mo.st part the antigens used were prepared 
from the yolk sacs of infected eggs.’ Scven-day-old embiyos were inoculated 
with a 1:300 or 1:400 dilution of murine (Wilmington strain) or epidemic 
(Breinl strain) typhus yolk sac and incubated at 34 to 35° C. The majority of 
deaths occurred on the sixtli and seventh days. Once it became apparent that 
the chicks were beginning to die, the eggs were candled cvciy two or three 
houi-s and the dead ones were kept in the icebox until harvested. The harvested 
yolk sacs were then shaken by hand in bottles containing glass beads until a 
smooth suspension was obtained. Physiologic saline containing 0.2 per cent 
formalin was added to make a 20 per cent smspension and the material was 
placed at from 2 to 5° 0. for from three days to a week, during which time 
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\ it -was sliaken every day. Microscopic examination revealed that freshly pre- 
pared suspensions usuallj' contained cells packed with rickettsiae. In spite of 
the presence of formalin, autolysis of these cells took place when suspensions 
were allowed to remain in the icebox, nuth the consequent liberation of rick- 
ettsiae. The suspension was then filtered through gauze to remove anj" pieces 
of membrane and extracted in the cold with an equal volume of ether. About 
eighteen hours later the antigen was drami off. As a preservative, phenyl mer- 
curic nitrate sufficient to make a final concentration of 1 ;50,000 was added. 

For the agglutination test, glass slides having twelve depressions were used. 
The seiTim to be tested was set up in tubes in doubling dilutions and one drop 
of each dilution was ti’ansferred to the slide with a capillaiy pipette. Using a 
eapillaiy of the same bore, an equal volume of antigen was added. The slides 
were then xotated bj’- hand to secure thorough mixing and placed on moist 
paper in Petri dishes in the incubator at a tcnqierature of 40° C. Although 
lower temperatures may be employed, agglutination, especially of weakly posi- 
tive sera, is delayed. For unifoim results the slides were left in the incubator 
for five hours. They were then placed in the icebox overnight, after which a 
final reading was made with the low-power objective of an ordinaiy micro- 
scope (xlOO) . Actually, with sera which show a titer of 1 :S0 or above, agglutina- 
tion in the lower dilutions is visible to the unaided eye after incubation for from 
thirty to sixty minutes and in much less time if the rotation of the slide is car- 
ried out for two minutes. Where the test is being used for diagnostic purposes, 
this rapid agglutination of strongly positive sera is of practical importance. 
Positive and negative senim conti’ols were included on each test. In the ab- 
sence of agglutination, there is a perfectly smooth distribution of the antigen, 
which is easily distinguished from even a 1 plus agglutination reading. Any 
degi’ee of agglutination may be considered significant, since, as null be pointed 
out, normal sera give no trace of agglutination whatever. Complete agglutina- 
tion, where the entire field was covered by large clumps, was recorded as a 4 plus 
reading. In a 3 or 2 plus reaction the clumps were relatively smaller, and there 
was more space between them. In a reading recorded as a trace or 1 plus, the 
agglutinated particles were definite but of smaller size than in the case of a 2 
plus reaction. 

Proteus antigens were jirepared fresh as needed from eighteen-hour cul- 
tures of Bacillus pi^ote^is 0X19, Lister strain, at a density equal to the No. 3 
tube of the McFarland nephelometer. For the agglutination test, 0.5 c.c.jior- 
tions of antigen suspension were added to equal quantities of the serum dilu- 
tions. The tubes were incubated for two houi’s at 40° C. and placed in the ice- 
box overnight before a final reading was made. 

For absorption studies of the sera, 30 per cent antigen was used. Equal 
parts of antigen were combined with serum diluted 1 :2.5 and the mixtures in- 
cubated for three hours at 37° C. Following fifteen minutes’ centrifugation 
at 2,000 r.p.m., the supernatant was once more combined with an equal amount 
of antigen and incubation and centrifugation carried out as before. If neces- 
sary this procedure was repeated. 


RESULTS 

Human Shtdies.— 

Typhus Gases and Convalescents: Hudson^'* found no positive reactions 
among twenty-five sera from normal adults in Ohio tested against murine 
typhus antigen. Yie have never seen typhus agglutinins in sera other than those 
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of pei-sons wiMt a iiistory of typluis or of vaccination. Tiie sera of seventy-five 
Mood (lonoi*s from a Philnclclphia suburb were eoinplefcly ne^rafive ivJjen tested 
for imirino typliiLs agglutinins. (About 50 per cent liad agglutinins for proteus 
0X19 in dilutioiLs of 1 :20 or 1 :40.) The sera of thirty-five other nomial advUts 
fiwn the Pinlatlclpbia area showed no agglutinins for epidemic antigen. By con- 
trast, among 155 .sera* from persons in Alabama with a clinical bistorj' of 
typhus within two ycare before bleeding, 104 gave positive results uitli murine 
antigen. It is possible tliat those giving negative results did not have t 3 rphus 
or that their agglutinins liad di.saj)poarcd. Among tlic po.sitivcs, titers varied 
from 1 :20 to 1 :12S0. In fifty-eight of the 104 positives^ proteus agglutinins 
were absent or lower tlian those for typlius, .showing a tendency in man, pre- 
viously obseiTcd ill rahbits,‘“ towani a persistence of rickettsial agglutinins. In 
eighteen of llie 104 patients the pjDlcns agglutinins were higher than those for 
murine antigen. In some oases, no doubt, this might be a manifestation of an* 
increa.sc of proteus agglutinins nonnally present. It may bo noted here that 
a pool of tu'cnt}* of the sera showing the iiighest murine rfclcetfsial titer gave 
no agglutination with spotted fever antigen. 

Two cases of suspected epidemic typhus in persons exposed to infection 
during the production of typhus vaccine’* were tiingnosod beyond doubt by the 
increase in titer of tlio rickettsial agglutinins above tlie level induced by vaccina- 
tion. This rise in liter occuiTcd in one ease on the fifth day of fever, and in the 
other on the eighth day of illne.ss when the temperatnro had been normal for two 
days. ITcterologous agglutinin.s (murine typhus) were also present, as wa.s to 
bo e.\’pccfcd, but in lower titer than that of the infecting strain. The scrum 
studios on these two ea-scs are summarized in Tables I and II. 

Taui.f. r. Acer.rTrsMTUiv Tkst.s on Samples of rno.\r Ca.sb 1 

(EfiDEMir T^'Plrl;.s) 


DII-OTION OF SEROSt 




IfliRiiWM 

cop 


RriMEMJf 

ANTIOCN 

MimiNR 

ANTIGR.V 


Ml 




2U 

40 

8U 

BH 

:-o 

40 


I()0 

Peforo vaccination 

;>* 

2 

1 


- 

0 

0 

0 

0 


- 


- 

After .I c.c. vnccinet 

.1 

2 

1 

+ 

- 

1 


0 

n 

+ 

0 

0 

0 

5th day of fovert 

.1 

3 

2 

? 

e 

2 



0 

1 


0 

D 

Gth day of fever 

.I 

3 

2 


0 

3 


1 

0 

1 


0 


13th d.i}- after onset 

4 

4 

•1 

:} 

3 

3 

.1 

3 

1 

3 

•» 

2 


3Ist day after on.-'et 

4 

4 

3 

2 


4 

4 

3 

2 

4 


2 


54th day after onset 

4 

4 

2 

2 

i 

4 

4 

3 

1 

3 



± 

109th day after onset 

3 

2 

I 

0 

0 

3 

2 

2 

1 

2 


* 



•i denotes trace of aeglutlnatton ; l, 2. 3. i. degree of ajrsluUnatlon ; 0. negative, - not 

done. 

t Bleeding taken ten days after third dose. 

tBIood Infectious for guinea p/ffs on th/s day (tno months after vaccination). 


Table n. Agglutination Tests on Samples or Serum From Case 2 
(Epidemic Typhus) 


DILUTION or sebum 


SERUM SAMPLE | 

1 

1 riiOTEUR 

0X19 1 


EPIDEMU' 

ANTIGEN 


1 MURINE 

ANTIGEN 

20 

40 

80 

ino 1 

20 

40 

80 

100 

320 

040 

1 20 

40 

80 

100 

Before vaccinatjou 

2 

1 

l> 

0 

0 

0 

0 

0 

' 

- 

0 

0 

0 

0 

After 4.5 c.c. vaccine* 

2 

1 

0 

0 


1 

1 

0 

0 

0 


1 

0 

0 

1st dav of fovert 

2 

1 

0 

0 


0 

0 

0 

0 

- 

- 

- 

- 

- 

GtJi day after onsett 

2 

1 

U 

0 


0 

0 

0 

- 

- 

- 

- 

- 

- 

8th day after onset | 

3 

2 

I 

+ 

3 

3 


2 


1 

4 

3 


1 

11th day after onset | 

3 

2 

1 

* 

4 

3 

u 

3 

3 


' 4 


3 

2 

'/otli day after onset i 

2 

1 

0 

0 

4 

4 



1 

0 

! 4 


2 

] 


•Bleeding was taken five weeks after fifth dose. 
fTen weeks after vaccination. 

JDIood not infectious for guinea pigs on this day. 


•These sera were obtained for Us bs' Dr Samuel R. Damon, of the State Board of 
Health Laboratone.9, MontgomciT. Ala., to whom wc express our thanks. 
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Vaccinated Subjects: During the course of epidemic typhus vaccine pro- 
duction in these laboratories, more than ninety pei’sons Avere vaccinated. Some 
received three 1 c.c. doses of centrifuged yolk sac vaccine'"’ ivhich, on smear, 
showed very few rickettsiae. The othci’s were given three or five 1 c.c. doses of 
ether-extracted vaccine made from rich yolk sac material. Samples of serum* 
were obtained from thirty-five of the sub,iccls before vaccination, but this step 
was later omitted due to the iiressure of other work. Serum was collected ten 
days after the last dose in most instances. The agglutinin responses for pro- 
teus 0X19 and for epidemic typhus viekettsiae were studied. Siiace docs not 
permit the tabulation of results, but. the following facts were brought out in 
this study: (1) that regardless of the type of vaccine used, or the amount, there 
was considerable variation in individual response; (2) that the more potent 
vaccine in most cases gave higher agglutinin titers; (3) that negative riek- 
^■ettsial agglutination was found in onl.A' one instance; a poor re.sponse (1 plus 
agglutination at a 1 :20 dilution of scrum only) in six additional cases. These 
subjects were all in the group that had received the vaccine which, on smear, 
showed few rickettsiae. In those in.stances where blood was obtained after the 
third and again after the fifth dose, there was usually found to be no increase 
in titer at the .second bleeding. In the cases where a comparison could be made 
with the prevaccination bleeding, the jAroteus agglutinins elicited by vaccination 
wore not significant. 

Animal Studies . — The formation of rickettsial agglutinins as the result of 
infection has been reported for rabbits,’’ guinea pigs,’® and monkeys.’ Except 
in the ca.se of rabbits, no observations liavc been rcjiortcd on the time of ap- 
pearance and the titers obtained in animals. It was felt, therefore, that per- 
tinent infownation might be revealed by a study of the agglutinin response of 
animals follovnng infection and vaccination and that the results might have 
practical application. Guinea pigs, mice, wild rats, and hamsters were studied. 

Wild Rats: Philip and Parker'® reported that in the case of laboratory 
rats the brain was infectious for 370 days. Unfortunately, the duration of ag- 
glutinins in this animal has not been detennined and it is not known whether or 
not this antibody outlasts the period of infeetivity of the rat brain. 

Tiventy-three sera from infected rats caught in Savannaht were set up 
with proteus 0X19 and Avith murine and epidemic UtiIius antigens. Fifteen 
of the sera Avere positive for rickettsial agglutinins; only one had clear-cut 
proteus agglutinins. It Avas also found that AA’here agglutinins for murine anti- 
gen Avere present there Avas usually agglutination of the heterologous suspension 
as Avell, although alAA’a3^s in loAver titer. 

Guinea Pigs: In guinea pigs, considerable variation Avas encountered. In 
a group of animals receiving the same infectious material or vaccine the ag- 
glutinin response Amried AA’iclelj'. The indiA’idual responses of guinea pigs in- 
oculated Avith epidemic passage brain and vacciiie, respectively, are recorded in 
Table III. 

In guinea pigs infected AA’ith epidemic tj-phus, the peak of agglutinins Avas 
reached about ten daj's after defeiwescence. In animals bled on the fifth or 
sixth day of fever (eleventh or tAvelfth day after inoculation) no agglutinins 
AA'cre detectable. 

In vaccinated pigs the appearance of agglutinins Avas also delayed. Titers 
Avere Ioav and dropped rather rapidly. Better agglutination Avas found tAvo AA'eeks 
after Auecination than after three Aveeks. 

♦^Ve are intlebted to X)r. I^eroy Wenger for liis cooperation in perforniing: these veni- 
punctures. 

tTiiese vrere obtained by Dr. George Brigham, of the U. S. Public Health Service, and 
kindly forwarded to ns by Dr. lua Bengtson, of the National Institute of Healtli. 
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Table III. Acolutin'I.vs in* the Sera oe frinN'i.L\ Pifls Injected WItii Ei'irjr.vrrc Typiics 
Vaccine or Krain Suspension* 


ouinea no 

iNo< ri.usilt 


DILUTION 

OF RERUM 


4 

8 

16 



Vaccine 

;{ 

2 

0 

0 


Vaccine 

.1 

,'5 

2 

0 

.T 

Vaci'ine 

2 

1 

0 

0 

A 

Vaccine 

.'5 

.’! 

2 

0 

5 

\’accinc 

2 

I 

0 

0 

0 

Vaccine 

2 

1 

+ 

0 




DILUTION 

OF 8ERUM 




20 

41) 

80 

KiO 

1 

Infocteil lirain 

2 

+ 

U 

0 

2 

Infected brain 

4 

.] 

;i 



Infected brain 

4 

;; 


2 

A 

infetded brain 

4 

4 



.■> 

Infected brain 


;; 

2 

1 

(> 

Infected lirain 

4 

.! 

2 

1 


•niood (akrn t«o Wi-iKa «fDT limciiliition 
tAninials rcccUcil t\\o Oo cc. doses nf vaccine. 
tAninuiKs leceUed 1 c.c. j pei c»-nt biain suspension. 


In guincii pigs infected witli niurino typhus (guinea pig tunica suspension) 
agglutinin.s developed imich earlier than in fiigs inoculated \rith brain su.spcnsion 
of the epidemic strain, but the peak was reaelicd about the same time in both 
cases. It remained to be shown whcllier this was a strain characteristic or was 
duo to the greater numlier of ricketlsiae present in the endemic pn.ssagc inocu* 
him. Two guinea pigs cacli were infected with a 1 :100 dilution of comparable 
yolk sacks of the two strains and tiled on the fourtli and .si.Ntli days of fever and 
on the fourteenth dny after inoculation. As is seen in Tatilc IV, there was no 
strain di/lfercnco as to the formation of agglutinins under these conditions, and 
for both typc.s of typlius titers were liighcr tlinn usually found when guinea 
pig passage material wa.s used as infectious inoculum. 


Table rv. Aoclutinatio.n Tests on tiif Sera of Gvinea Pios iNrECTED With 1 c.c. of a 
1:100 Dilution of Murine or Epidemic Yolk Sac Su.spension* 


GUINEA PIG 

HTATUS 

ANTIGEN 

( JllI.UTlON 

OF RERUM 

20 

40 

80 

100 

M. T.t 1 

■1th dll)’ of fever 

Murine 

4 

4 

4 


M.T. 2 

■1th day of fever 

Murine 

4 

4 

3 

2 

M.T. 1 

0th day of fever 

Murine 1 

4 

4 

4 

3 

M.T. 2 

0th day of fever 

Murine 

4 

4 

4 

3 

M.T. 1 

14th day of disease 

Murine 

3 

4 

4 

4 

M. T. 2 

14th day of disca.‘-e 

Murine 

4 

4 

4 

3 

E.T.} 1 

4th day ot fever 

A^pidemic 

4 

4 

:{ 

2 . 

E.T. 2 

4th day of fever 

Epidemic 

4 

4 

4 

3 

E.T. 1 

0th day of fever 

Epidemic 

4 

4 

3 

2 

E.T. 2 

Gtli day of fever 

Epidemic , 

4 

4 

4 

3 

E.T. 1 

14th day of disca.«!c 

Epidemic 

4 

4 

4 

4 

E.T. 2 

14th day of dipcasc 

Epidemic | 

4 

4 

4 

4 


•It may be noted here that small amounts of prccipitlns to yolK sac mas* be formed 
In guinea pigs, but the reactions arc weak and irregular and do not obscure the resuKs ob- 
tained in an experiment sucii as the above A 1 plus at the 1:20 dilution of scrum was the 
highest titer found in these guinea pigs with normal yolk sac antigen. 

tM. T. denotes ^igs infected with murine yolk sac. 

JE. T. denotes pis^ Infected with epidemic yolk sac. 

Mice; Experiments with mice (Swiss, albino) showed these animals to 
1)0 veiy satisfactory for n"glutinin study. Sera from fourteen normal mice 
had no agglutinins for either typhus antigen. Agglutinins were found to he 
present as early as five days after intravenous inoculation of these animals with 
0.5 e.c. of epidemic typhus yolk .sac suspension at a 1:400 dilution. By using 
murine typhus yolk sac as inoculum and injecting hy the intraperitoneal route 
with 0.5 c.c. of a 1 :400 dilution, it was possible to detect agglutinins on the fifth. 
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but not on the fourth, day. By the seventh day much higher titers were found 
with both strains (Table V) . Vaccination of mice with %'accines of both types 
of typhus’” produced in each ease good agglutinin response bj”^ ilie seventh day, 
although, as might bo expected, litci-s wore not a.s high as when living riehettsiae 
were injected. 


Tabm V. Aggbvtinins IK THE Seu.\ ok iI«-E Receiving Tvtiius Yoek Sac* 


MOUSE 

INFECTING STRAIN 

ROUTE} 

DILUTION 

OF SERUM 

20 

40 


1 

Epidemic 

i.v. 

3 

o 

1 0 

2 

Epidemic 

i.v. 

4 

3 

2 1 

3 

Epidemic 

i.v. 

4 

D 

3 2 

4 

Murine 

i.p. 

4 

O 

2 2 

5 

Murine 

i.p. 

4 

3 

2 0 

G 

Murine 

i.p. 


2 

1 0 


^Blood obtained one w'eel\ after the inocwlalion of 1 :400 yoik sac suspension. 
tl.V. Intravenously ; I.P. Intrapcritonealy, 


IIamstc)‘s; Hamsters were found to he very resistant to inoculation with 
epidemic typhus.”® The iutraperitoneal injection of 1 c.c. of a 10 per cent yolk 
sac suspension produced no febrile reaction and veiy feeble rickettsial agglu- 
tinins when tests were made eight days after inoculation. Because of their lack 
of susceptibility to infection, further work with these animals was not under- 
taken. 

Cross- Agglutination . — In all of the species studied, sera from animals in- 
oculated with infectious material gave agglutination with the heterologous 
typhus antigen with but one exception. This oecuiTed in the case of mice in- 
fected intravenously with epidemic typhus {vide infra). 


Table VI. Homologous akg Heterologous Agglutik.vtiok Tests ok Human Sera 
From Cases of Murine Tyrims* 


CASE 

ANTIGEN 

1 niLUnON OF SERUM 

mmm 


80 

160 

320 

640 

1280 

2560 

1 

Murine 

4 

4 

4 

4 

3 

2 

1 

+ 

1 

Epidemic 

O 


O 

o 

1 

0 

0 

0 

2 

Murine 

4 

-1 

4 

4 

3 

o 

0 

0 

2 

Epidemic 

4 

O 

9 

1 

0 

0 

0 

0 

3 

Murine 

4 

4 

4 

4 

3 

.3 

2 

1 

3 1 

Epidemic 

4 

4 

3 

2 

2 

1 

i 

0 


’The sera of these patients anti twenty other convalescent murine typhus patients tested 
showed no agglutination with spotted fever antigen. 


Examples of cross-agglutination in human cases of epidemic typhus were 
given in Tables I and II, In human sera from the endemic disease, the 
heterologous agglutinins were likewise present but again not in siiffieientty 
high titer to confuse the diagnosis. The reactions observed with sera from three 
patients with murine typhus, using both types of antigen, are shown in Table VI. 

In tlie case of guinea pigs, cross-agglutination was evident once the homol- 
ogous antibody was present in more than minimal titer. This is illustrated in 
Table VII, wliieli shows the ci’oss-agglutination found for passage pigs that had 
received either epidemic brain suspension or mui’ine tunica. 


Table VII. Cross-Agglutination in the Sera op Guinea Pigs 


guinea 

PIG 

INFECTING 

strain 

! antigen 

1 .. 

1 


DILUTION 

OF SERUat 




40 

80 

160 

320 


_ 

Epidemic 


4 

4 

4 

4 

3 

9 

1 

Epidemic 

Murine ! 

3 

2 

2 

1 



2 

"Murine 

lilurine ' 

4 

4 

4 

3 

2 

2 

0 ! 

Murine 1 


3 

2 


0 

QjjH 
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Gross*iijr<:lutinatioii was found in ilie sera of wild rats ns mentioned pre- 
viously. It did not occur wlierc the Jiomologous antibody Iiad dropped to a 
low titer. 

Table VITI. CRoss-AooLUTiXATioN in tiik Sera of Mice ItnciaviNo Murine or 
E riDEMic Infectioos Yolk Rac* 


MOURE 

INFECTING 

STRAr.V 

ROUTEt 



DILUTION 

OF SERUM 




.MUPJNE 

ANTIGEN 

EPIDEMIC 

ANTIGEN 

20 

40 


Hit) 

20 

40 

80 

160 

1 
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J.p. 

4 


2 

2 

4 

2 

•> 

] 

2 
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4 


2 

f> 

a 

o 

1 

0 

g 

Murine 

I.p. 

:: 

<» 


0 

2 

0 

0 

0 

4 

Murine 

I.p. 

2 

1 


0 

2 

+ 

n 

0 

5 

Murino 

I.p. 

3 

2 


0 


i 

+ 

0 

(5 

Murine 

I p. 

4 

3 

2 

1 


2 

] 

0 

1 

Epidemic 

I.V. 

0 

0 

0 

0 



2 

1 

2 

Epidemic 

I.V. 

0 

0 

0 


3 

2 

2 


3 

Epidemic 

I.V. 

0 

0 

0 

0 

;i 

2 

I 

0 

4 

Epidemic 

I.V. 

t 

n 


0 

4 

3 

3 

2 

5 

Epidemic 

I.V. 


0 

0 


4 


:’> 

2 


Epidemic 

I.V. 


0 



4 

3 

2 



•niood obtained one week after iniiculatioii of 1•^00 yolk sne suspension, 
ti.r. Intraperltonoalj : I.V. intravenonslj. 


In inico iiioculafod inlrapci’ilonoally wilh virulent murine yolk sac ma- 
terial diluted from 1 :-i00 to 1 :1000, heterologous agglutinins u'crc j^rcsent by 
the seventh day, at which time the homologous tiler was usually high (Table 
VIII). In mice infected by the intravenous route with c])idemic typhus yolk 
sac at a 1:400 dilution, a good tiler of homologous agglutinins was likewise in 
evidence by the seventh day, but no cross-agglutination occurred (Table VIII). 
The result was the same for all mice infected with ej)idcmic typhus intra- 
venously; eross-agglutination was almost entirely negative. This conceivably 
might be due to straiit dift'crcnco or might be a function of the route of admin- 
i.stration. To determine which of these hypotheses was correct, groups of mice 
were injected with opidemie infectious material, using the intraporitoncal route. 
Some cross-agglutinins resulted from this timilmcnt but they did not equal the 
titei-s found in mice given murine lyi)hus nmlcrinl by the same route (Tabic 
VIII), so that the phenomenon must at le.nst in part be due to a strain differ- 
ence as regards tlic mouse. .Smeai-s made at autopsy on numerous mice as early 
as two and one-half houis after intravenous inoculation witli epidemic yolk sac 
material disclosed that the rickctlsiae had disappeared. On rare occasions a 
very few organisms were fqund in .smears made from .spleen and blood. 

Agglutinin Absorption Teshs.— Agglutinins were readily absorbed from im- 
mune serum. With a 30 per cent rickettsial suspension, it was found that two 
or three absorptions (depending on the original titer of the serum) usually 
would remove all of the agglutinins completely for the antigen used, leaving 
the heterologous antibody intact. The results obtained when nun-ine convales- 

Table IX. Agglutinin Adsorption of Murine Guine.v Pig Serum 
With Epidemic Antigen 


iluriijo fteruni -h Miiriiie antiffcn beforo alisoiptiop 
Murino serum + Epidemic antigen lipforo absorption 
irurino serum + Murine antigen after 1st absorption 
Murine serum + Epidemic antigen after 1st absorption 
Murine serum + Murine antigen after 2nd absorption 
Murino serum + Epidemic antigen after 2nd absorption 
Murino serum -i- Murino antigen after 3rd absorption 
Murino scrum + Epidemic antigen after 3rd absorption 


DILUTION OF SERUM 
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cent passage guinea pig serum was absorbed with the heterologous antigen are 
shown in Table IX. With sera from human patients with endemic typhus, it 
was found that absorption until protcus antigen left the rickettsial agglutinins 
intact even after six absorptions. Absoi^ption of the same sera with murine 
rickettsial antigen removed lioth protcus and rickettsial antibodies. 

DISCUSSION 

The results of the .serologic tests in both man and animals indicate that 
the rickettsial slide agglutination test using a concentrated antigen may be a 
useful diagnostic aid in studies on typhus. To be of use, however, a diagnostic 
agent must be shown to be .specific and to give negative results with known nor- 
mal sera. 

With the test as perfonned in the foregoing experiments, no agglutination 
with either typhus antigen was encountered in numerous samples of normal 
serum from man and animals. In addition, sera from twenty case.s of murine 
typhus tested singly and twenty oihei’s unth high murine titers, tested as a pool, 
gave no agglutination with spotted fever antigen. Furthermore, we have found 
no agglutinins for typhus antigen in fifteen pools of sera from rabbits hyper- 
immunized with large quantities of live spotted fever riekettsiae, each pool con- 
taining the sera of from fourteen to eighty-two rabbits. The antigens employed 
may therefore be considered to have fulfilled accepted criteria for .specificity. 

The specificity of the rickettsial agglutination test has been seriously ques- 
tioned by Plotz and co-workere-^ in a recent report, in which sera from thirteen 
of fourteen cases diagnosed as .spotted fever were found to give agglutination 
with typhus antigens, using a macroscopic tube agglutination technique. Tlic 
details of the technique used were not descrilied and the results with spotted 
fever antigen were not given. This report is at variance not only with the work 
described in this paper where the test was found to be specific, but also with 
unpublished observations in this laboratory on the sera of spotted fever eases, 
and is therefore puzzling. 

The usual procedure for the detection of typhus in a rat population (i.e., 
the inoculation of rat brains into guinea pigs) is tedious and expensive. Re- 
cently, Brigham and Bengtsou-’ have suggc.sled the use of the complement fixa- 
tion test to detect murine typhus in rats as an aid in rat control measures. Tlie 
results of our studies on the human and rat sera from two of our southem states 
suggest that city or county siuwcys for the presence of typhus could be made 
equally as well by the simple means of the agglutination test. 

In mild eases of human typhus, the agglutination test has lieen found 
paidicularly useful. Here the clinical diagnosis is difficult and the isolation 
of typhus riekettsiae from the patient’s blood is a lengthy procedure Avhich may 
give negative results. Even when positive results are obtained, guinea pigs 
must be reinfected with known typhus material to prove their original infec- 
tion to have been due to typhus, and the long-delayed diagnosis becomes one of 
academic interest onlj-. The agglutination test, requiring but one I’cagent, of- 
fers a simple and rapid method for early diagnosis and for the differentiation 
of strains of this infection from each other and from spotted fever. In in- 
vestigative work also, the agglutination test has been found useful for the di- 
agnosis of mild or inapparent typhus infections in the guinea pig, particularly 
in the epidemic variety of the disease. In this infection, unlike murine typhus 
and spotted fever in guinea pigs, no scrotal involvement occurs to guide the 
investigator in the interpretation of a febi’ile state and many experiments must 
be repeated because of concurrent infection. 
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Tho aiiiotni( of eross-ag^hUinalion occiirrinq: in sora Juis been found to de- 
pend on tlie height of the Iiomologous titei* in the serum licing studied. Wlien 
serum diiutioiis irere carried out to the end point, fiierc was usually no diffi- 
culty in deciding wliieh strain of tj’plnis was the cause of tlie infection. Gen- 
erally speaking, lljo iniU'ine sera t;nvv heitev cross'-agglulination than did the 
epidemic sera. 

The rcsnlf.s of ahsorption te.sts c<»ntirm Ca.staiicda and Zia’s” ohserv^atioii. 
Tlic absorption e.'cpcrimonts wore e!«-ar cut. and removal of heterologous ag- 
glutinin.s wa.s ooniph‘fo jiroviding that alisorption was carried out a sufficient 
mimlier of times. 

TJic to.st, tJiough time eons'uming, may he used ivillj relative ease duo to the 
availability of ricli yields of rickcttsiac in yolk sacs and ma.v he employed to 
advantage in the rare cases wliere the litci>{ of the patient ’.s sennn arc almost 
the same for both antigens. 

suit MARY 

The miei*o.scopic agglutination test as used was found to lie an easy tond 
convenient means foi* the diagnosis of typlnis in Iniman sera and proved to 
1)0 a useful tool for the study of agglutinin development in man and animals 
following infection or vaccination. The method hn.s been found to be simple 
and specific. Cross-agglutination reactions arc discussed. Tlie olisoiwations of 
Castaneda on the removal of licfci’olo.gou.s typhus agglutinins wore confirmed. 
Sera from rabliits infected with spotted fever did not agglutinate either of the 
typhus antigens. Sera obtained from cases of endemic tyjihns were found not 
to ngglulinafc .sjiottcd fever antigen. The pi*occdures for tlic prc])nration of 
the antigens and for carrying out the tests arc described. 

Since tins manuscript nas pompIcfcJ, rOMih.s of agglutination fosts using a niousp lung 
nntigen have boon publisliod (Castauedn, aT.: J. Imniunol. 60: ]”[), ]04o) irhich corroborate 
the findings in this papor. 
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THE BEHAVIOR OP BLOOD CHOLESTEROL IN THYROTOXIC 
PATIENTS UNDER TREAT]\rENT VHTH THIOURACIL 

T. H. McGavack, B.A., M.D., F.A.C.P., and I. J. Drektf.r, B.S. 

New York, N. Y. 

T he influence of thiourea derivatives upon the Itlood cholesterol of thyro- 
toxic patients has been previously mentioned by tivo groups of observei’s .^’ ' 
Jennings and his associates noted a rapid rise of the blood cholesterol in twelve 
patients who were taking thiourea. Stable levels were rapidly attained, from 
which only minor subsequent variations tvere observed. In their hands, 
thiouracil administered to a single patient for four months exerted a similar 
action upon the blood cholesterol. 

We have estimated blood cholesterol in the fasting specimens of fiftj'-two 
of seventy-eight thyrotoxic patients and have made sei'ial analj'ses in thirty- 
six of these. None of the thirty-six had a co-associated diabetes mellitus. 
Total cholesterol Avas determined by a method previously described l)j^ one of 
us (I. J. D.^). The normal range of values bj' this method is from 150 to 200 
mg. per 100 c.c. of plasma. The free fraction of cholesterol Avas estimated by 
the Shoenheimer-Sperry technique* modified so as to require but 0.5 e.c. of 
scrum for each analysis. All of these patients had clinical manifestations 
clearly confirming the toxic status of the thyroid. 

The results of our study^ are summarized in Table I and Fig. 1.** No actual 
data for the free fraction of the blood cholesterol are included as this ahvays 
valued directly with the total and represented from 25 to 35 per cent of that 
figure in any indwidual instance. In eleven of the fiftj’-two indiAuduals the 
initial level for t6tal cholesterol in the blood was above 200 mg. per 100 e.c. 
The averaged mean pretreatment basal metabolic rate for these eleven Avas -f48.5 
per cent Avith a Ioav figure of +37 and a high of +64 per cent, respectively. 
These facts show that thyrotoxicosis may and does occur in the presence of 
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liypercliolestcrolcniia. Therefore, the fasting blood level of this substance ean. 
not be relied upon as an i/jrallibh* index for either the diagnosis of thyrotoxi- 
cosis or its trentmont. 


Taiu.k I. ItKiiATiuN or Arsdi.UTu \ .\iu'' nHi CHou-STEi:or. (Mo. 1 *kk 100 c.c. or Blood) 
TO THE BaS-VL MeTAROUC BaTE l\ KlETY TW'O I’ATIES'TS WlTH TIIYIIOTOXICOSIS 
Undei; Tin \jMK\r With TniounACiL 
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However, in an.v .'single tliyroloxic individual, it has been repeatedly dem- 
onstrated that the blood level for cholesterol rises from its initial point as the 
basal metabolic rate fails (Tig. 1). If absolute values are used, it is impossible 
to plot an informative curve because of the wide variation from patient to 
patient in the actual concentrations of cholesterol in the blood. For instance, 
the lowest pretreatment value for total cholesterol was 91 mg. per 100 c.c. in 
a patient u'hose corresponding basal metabolic rate u'as +65 per cent,* the high- 
est pretreatment blood level for the same substance was 374 mg. per 100 c.c. 
in a nondiabctic patient with a corresporiding basal metabolic rate of +42 per 
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Flir. 1.— Percentual changes in cholesterol In relation to alterations in the hasal metabolic 
rates of patients with thyrotoxicosis under thiouracil treatment (serial examinations In 
thirty-one patients). 
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cent. Of the fifty-two patients wiiose blood levels for cholesterol were studied 
prior to receiving thiouracil, four showed less than 100 mg. per 100 c.e. ; eleven 
more than 200 mg. per 100 c.c. The initial level for total cholesterol in the 
blood lay between 100 and 149 mg. per 100 c.e. in sixteen patients and betAveen 
150 and 199 mg. per 100 c.e. in tAventy-one patients. 

Of the thirty-six fully controlled patients Avhose total blood cholesterol 
was estimated, four had post-treatment Amlues betAveen 150 and 199 mg. per 
100 c.c. In tAvelve, the figures lay bet.Aveen 200 and 249 mg. per 100 c.c.; in 
thirteen, betAveen 250 and 299 mg. per 100 c.e. ; in five, betAveen 300 and 389 
mg. per 100 c.c. ; and in tAvo, Avere over 400 mg. per 100 c.e. 

It is obAUOus from these data that no satisfactory cui-ve could possibly be 
plotted from the absolute figures for the total cholesterol in the blood. Hoav- 
ever, AA'hen Ave arbitrarily fix the initial or pretreatment figure at 100 per cent 
and plot all others pereentually therefrom, the "scattering” is not so great 
and the trend of the mean A-alue for the blood cholesterol in all cases moves 
inA'^erselj’^ Avith the basal metabolic rate (Fig. 1). A sufficient number of de- 
terminations haA^e not been made to establish a mathematical curve Avith cei'- 
tainty, but a straight line relationship seems likely at least Avithin values for the 
basal metabolic rate of from -10 to -e70. 

The averaged initial value for all determinations in fifty-tAvo individuals 
Avas 170 mg. per 100 c.e. of blood; the averaged maximum value in thirty-six 
subjects, during or after treatment, Avas 245 mg. per 100 c.c. The mean basal 
metabolic rates corresponding to these two determinations Avere +48.8 and 
+11.6, respectively. Pi-om Table I it Avill be further noted that the blood 
cholesterol Avas high in 33.3 per cent of the patients Avhen their basal meta- 
bolic rates lay betAveen +10 and +15, AA'hile a second third (actually 3S.8 per 
cent) dcA^eloped A'alues aboA^e 200 mg. per 100 c.c. Avhen the metabolic rates 
fell betAveen 0 and +10. 

Such high values for cholesterol in the blood in the presence of normal 
or slightly elevated basal metabolic rates may indicate some aberration of fat 
metabolism or transport in the indiA'idual Avhose thyrotoxicosis has been re- 
licA^ed by thiouracil. It is our experience that these patients are clinically at 
their best Avhen their basal jnetabolic rates range from +5 to +15.-' ® This con- 
forms to the zone at Avhich high cholesterol A'alues begin to make themseh'es 
evident, an academically interesting fact Avith important obA'ious clinical 
implications. 

Other practical applications of the blood cholesterol determination in the 
thioiAi-acil-treated thyrotoxic patient are not wanting. In patients aa'Iao suffer 
from claustrophobia or Avho for some other reason fear the taking of a basal 
metabolic rate, careful attention to the A'alues for blood cholesterol may enable 
the clinician to obtain optimum results from therapj' Avith thiouracil. For 
instance, successive basal metabolic rates at Aveekly intervals in a highly nerA'- 
ous, easily excitable patient (No. 31)® Avere +87, +76, +81 and +74. During 
this time there Avas a continual steady improA'ement in the clinical picture, 
and the A'alues for blood cholesterol corresponding to the above metabolic 
rates Avere 112, 121, 183, and 240, resijectively. Operation for nodular goiter 
Avas performed Avithout difficulty and the postoperative hospitalization was 
short and uneventful. 

SUMJIARY AND CONCLUSIONS 

1. Fasting blood cholesterol A'alues above 200 mg. per 100 c.c. have Jieen 
obtained in eleven of fifty-tAvo patients Avith untreated thyrotoxicosis. 
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2. Ill thirty-six of tlicsc, serial examinations durinj? treatment revealed a 
moi*e or less straii,dit-line relationship between the percentual elevation of tlio 
blood cholesterol and the falling basal metabolic rate. 

3. Under treatment, liigh values for blood cholesterol were obtained in 
the majority of patients whose basal metabolic rates had been reduced to +10 
or below, and in a consideralile number in whom the rate lay between +10 and 
+15. Clinically, patients felt their best*' when tlie basal metabolic rates 
la}' between +5 and +15 and had eoneornitaritly high normal values for blood 
cholesterol. 

4. It is suggested that either tlie basal metabolic rate or the cholesterol 
value or a combination of the two may be used as a guide for the satisfactory 
management of thyrotoxicosis with the drug thinuracil. 
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A NOTE ON THE IN VITRO RESPIRATION OF MUSCLE IN 
MYASTHENIA GRAVIS 

F. -T. Starh, Jr.n.,* Boston, JIass., and IT. T. Bickf.tts, Jt.D., Chicaoo, Ili,. 

E XPERIJIENTS previou.sly reported' Iiave suggested timt the in vitro respi- 
ration of skeletal itiusele from patients with myasthenia gravis may show 
certain ahnonnaIitie.s. The present paper describes a continuation of that type 
of investigation and is a report of experiments on the respiration of skeletal 
muscle tissue from two additional patients with tliis disease. 


EXPEBIJIENT,!!. 


The experiments consist of measurements of oxj-gen uptake of respiring 
muscle obtained at biopsy, and the effect of various supplements— dicarhoxylic 
acids, cytochrome pro.stigmine, ephedrine, cocarhoxj-lase, insulin, and “muscle 

juice’’ on the respiration of the minced muscle. The details of technique have 

been described " Dicarhoxylic acid supplements were in final concentration of 
0.003 Jl. The eytoeliromc ivas a purified sample of cytochrome C prepared ac- 
cording to the method of Kcilin and nartree-' ; 100 micrograms were used in each 
of the flasks that contained cytochrome. The concentrations of other supple- 
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The«e studies were made in 1940 aiul public.ation deferred in the hope that additional 
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ments per vessel were as follows: prostigmine bromide, 0.5 mg.; epbedrine sul- 
fate, 0.5 mg.; coearboxylase, 100 micrograms; insulin, 4 units; and muscle juice, 
0.2 c.e. The muscle juice was prepared as previously described.’ The total 
volume of the contents of the vessels was 2.8 c.e. All results arc I'cported in 
cubic millimeters of 0, per milligram of dry weight of tissue. 

CASE HISTORIES AND RESULTS 

Case 1. — H. E., a woman physician, aged 48 years, liad first exiiorioncod s 3 ’mpton)s of 
mj'asthenia gravis twenty-one j-ears previouslj'. Intermittent diplopia was noticed five years 
later, and this was followed in the next year bj' weakness of the arms and logs and of other 
muscles innervated bj' the cranial nerve.s. The sj’mptoms became worse following each of 
several upper respiratory infections. Her case was intcnsivelj' studied at the Presbyterian, 
Michael Eeese, and Billings Hospitals in Chicago, at the Universitj' of Minnesota Hospital, 
and at the hlaj'o Clinic. The diagnosis of nn’asthcnia gravis was confirmed in each institution 
and various therapies were tried without succc.ss. For nearlj- six years she was bedridden and 
unable even to turn over. In 1930 she published her accidental discovoiy that ephedrine pro- 
duced remarkable alleviation of her sj'inptoms.s Using this drug she improved to such an 
extent that she was able to travel around the world. In recent j'cars she has been almost 
normallj- active while taking 15 mg. of prostigmine bromide from four to six times daih', 
supplemented by ephedrine sulfate in doses of from 25 to 50 mg. dailj’. 

The patient entered Billings Hospital to submit to a muscle biops.v. Her last dose of 
prostigmine (15 mg.) had been taken the evening of entiy and she received no more until 
after the biopsj’ twentj'-five hours later. The morning after admission she appeared in 
good health and normalli' active, her only difficulty being, as usual, in combing her hair. 
Her height was 168 cm.; weight, 74.3 kilograms; temperature, 98.6° F. ; and pulse, 87. The 
muscles of the limbs were flabby and became fatigued on repeated movements. A slight 
bilateral ptosis of the ej’elids was present but there was no wrinkling of the forehead. 
The ej’es moved normallj’. Swallowing and speaking were well performed. There were 
no significant findings in- the lungs, heart, or abdomen. The blood pressure was 118/78. 
All tendon reflexes were slightlj’ hj'poactive. The blood showed no abnormnlitj’ except a 
mild hj’pochromic anemia. The urine was normal. 

The daj' after admission the patient received no medication. In the afternoon she 
felt weak and verj' tired and ptosis of the lids was observed. Slie had some difficult!’ in 
helping herself onto the cart wldch took her to the operating room in the late afternoon 
where about 8 Qm. of fat-free muscle were removed from the gastrocnemius under local 
anesthesia. Great care was taken to avoid infiltration of the muscle itself, excision of whicli 
was therefore momentarily painful. The tissue was immediatelj’ placed in an ice-cold con- 
tainer and taken to the -laborator!’. On return to her room the patient received 30 mg. of 
prostigmine orallj’. Convalescence was uneventful. 


Table I. The Effect op Various Supplements on the Re-spiration op Muscle in 
Myasthenia Gravis — Case 1 (H. E.) 


supplements I 

1st hr. 

OXYGEN 
(TOTATi Uo 

1 2nd hr. 

oEmm 

■ 

0.01 M glucose in buffer 

0 — Control (Values arc average of duplicate 

1.4 

1.9 

2.2 

2.3 

runs) 

Succinate 

2.5 

5.2 

7.8 

9.0 

Succinate + cj-tochrome 

4.2 

7.5 

10.6 

13.0 

Cj'tochrome 

2.4 

4.9 

7.3 

8.7 

Prostigmine 

2.0 

5.0 

7.3 

8.4 

Succinate r- prostigmine 

.3.7 

6.8 

9.4 

11.7 

Fumarate 

2.6 

5.4 

8.2 

10.5 

Citrate 

2.4 

4.5 

6.5 

8.2 

Glutamate 

2.8 

5.3 

7.8 

10.2 

Muscle juice 

3.0 

5.8 

8.6 

10.2 

Succinate + muscle juice 

3.8 

6.2 

8.3 

10.2 

Succinate -s cj-tochrome + prostigmine + 

4.5 

8.2 

n.o 

15.0 

cocarhoxvlase + insulm + muscle iuice 

As directly above but with no succinate 

2.9 

5.4 

7.8 

9.5 

Succinate + cj’tochrome -p prostigmine 

4.0 

7.3 

10.4 

13.0 

Cvtochromc + prostigmine 

2.5 

4.8 

7.1 

8.8 
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Kcstilfi of the oxporirnen^s on the res/uralion of f/n's f/ssue lire [iiven in Ti 2 ))Je I nnd 
rig. 1. The Inttor nl««<) nlioufi for coniparibon rr^iilOi of a f*imlhir c\'iH‘nnient with ‘'normal 
human rojinwcntctl li.V a biopsy of the abdominal roctus removed during a 

cholecystoctoniy u'^ing spinal anosthosia It is observed that the oxygen uptake of the 
unsupplemrntod “myastlicnic muscle** \\n% very loiv. The Qoi was 1.4, uhereas we have 
found “normal human skeletal muscle’’ to have a Qo, averaging :J.2, a decrease from the 
“average normal” of 50 per cent. Furthermore, normal human musxle gcnerallv shows a 
i/nenr rate of ovygen uptake for from one and one-half to tuo hours, while in this case 
the respiration fell olT markedly after one hour. The nddiiion of succinate, fumarate, 
citrate, glutamate, eytocliromc prosligniine, or a rmiicle juice preparation resulted in 
an incren-^o of oxygen uptake of nhout sii per cent over the Q,,. of the unsupplemenfed 
myasthenic mu«cle, and of 2ta> per cent o\er the four-hour Uo-. Adding succinate and 
cytochrnmc, or fiuecuiatc and prostigmine, gave rates of oxygen uptake siniilar to what 
might be expcctc«l with normal, uiisnjijileiiiented human skeletal muscle. Tlie increases 
here uere of the order nf 'JSO i>rr eent over the Q,,, of the uusuj»j»lementcd myasthenic 
muscle, niid .’540 per cent o\cr the four hour The combination of cytochrome and pro- 
stigniino was no better than either substance alone. 


li; vzmo RSSPIftATIOM of HL’iUSI IT-’SCLS 



Fig, 1. — The effect of various supplements on the respiration of human muscle r, Unsup- 
plemcnted control; £, audition of prostlemme; S, addition of cytoehiome C: 4. addition of 
succinate; 5, addition of .succinate and cytochrome. 


Case 2. — A. N., a uoman stenographer, aged 20 j'ears, was admitted to Billings Hos- 
pital complaining of weakness niul stiffness of the fingers and blurring of vision for ten 
months, fatigue on speaking and cliewiiig for six months, generalized fatigue and inability 
to Open or close her eye.s completely for four months, and difficvlty in swallowing with 
regurgitation of fluids through the nose for live weeks. Three weeks before admission 
she had been told by another physician that she had myasthenia gravis and bad been given 
G tablets (presumably 15 mg. each) of prostigminc daily with considerable benefit. She 
had continued this medication until the day of her entry. Aside from moderate alcoholism 
the history contained no other relevant material. 

General examination, performed after the patient had taken GO mg. of prostigmine 
in {ho preceding eight to ten hours, showed a well-developed and well-nourished woman in 
no apparent distress. Her height was 163 cm.; weight, 51.7 kilograms; temperature, 100“ 
F. (later normal); and pulse, 92. There were no abnormal findings in the heart, lungs, or 
abdomen. The blood pressure was 110/70. Five ecchymotic areas were observed over the 
tibias. Neurologic examination revealed W’eakness of the orbiculari-s oculi on both sides, 
and slight facial weakness. The speech was somewhat mumbling. Ocular convergence 
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and other exlraocular inovenieiits rvere normal. The tone of tlie sheletal muscles rvas good. 
The tendon reflexes were normal. Kouthie laboratory studios gave essentially normal 
results except for a slight hypochromic anemia. X-ray of the chest showed no evidence of 
enlargement of the thymus. The basal metabolic rate, taken fortr'-one hours after prostig- 
mine and sixteen hours after ephedrinc, was -7 per cent. 

After admission, prostigmine was withheld for twenty-two hours. At the end of this 
time there was marked ptosis of the eyelids, which could not be completely closed. Ee- 
traction of the lips was limited. The voice became nasal when the patient counted to 70. 
Definite weakness .of the skeletal muscles, e.speciall}' the deltoids, was observed. Test.s 
with the dynamometer showed E 30, L 27. The patient was then given 0.5 mg. of pro- 
stigmine intramuscularly. Within twenty minutes, definite, and in some instances marked, 
improvement in the above functions took place, and at thirty minutes the dynamometer 
readings were K 62, L 56. 

For the next three da 3 ’s the patient received from 50 to 75 mg. of ephedrine sulfate 
dailj' but no prostigmine. The voice bec.ame nasal, hand gni.sj) very weak, smile snarling, 
and fatigue marked. On the fourth daj' she received neither drug until after the biops.v 
of the gastrocnemius which was performed late that morning. The surgical procedure 
and the treatment of the tissue were the same as in Case 1 except for the preoperiitive 
administration of O.IS Gm. of calcium nembutal per rectum. The results are given in 
Table II. These data differ somewhat from those in Case 1. The 0 X 5 ’gen uptake of the 
unsupplemented myasthenic muscle was higher tinin in the i)rcceding experiment, but it uas 
still lower bj' about IS per cent than values obtained with normal human muscle. The 
onlj' single supplement which increased the oxj'gcn uptake appreciabl.v was a dicarboxjdic 
acid, fumarate. Neither prostigmine nor ephedrine alone gave a significant change; how- 
ever, their addition together resulted in a prolongation of the initial rate of oxygon con- 
sumption so that the four-hour U,,. was increased by 22 per cent. C.vtochrome C alone was 
without effect, and its addition with fumarate did not stimulate respiration any more than 
did the latter substance bj' itself. The data obtained using a pyruvate substrate were 
similar to those with glucose, except that here i)rostigmino alone gave an increase in the 
four-hour oxj-gen uptake of 24 per cent. 


Table II. The Effect of Various Supplements on the Eespiration of Muscle in 

hlYASTHENIA GrAVIS — CASE 2 (A. N.) 


SUPPLEMENTS 


1st hr. 

OXYGEN 

(total Uo: 
1 2nd im. 

UPTAKE 
> VALUES) 

1 3rd hr. I 

4th hr. 

0.01 M glucose in buffer 

0 — Control (Values arc average 
runs) 

of duplicate 

2.8 

5.3 

7.3 

S.6 

Fumarate 


3.6 

8.5 

12.6 

15.5 

Fumarate + cj'tochrome 


3.7 

8.6 

12.3 

15.5 

Cytochrome 


2.9 

6.2 

8.4 

9.4 

Prostigmine 


2.7 

5.G 

8.2 

9.3 

Fumarate -r prostigmine 


3.8 

8.8 

12.1 

15.1 

Ephedrine 


2.5 

5.1 

7.1 

8.2 

Ephedrine + prostigmine 


2.S 

6.1 

8.6 

10.6 

0.01 AI pjwuvate in buffer 

0 — Control (Values are average 
runs) 

of duplicate 

2.4 

5.1 

6.7 

S.O 

Fumarate 


4.4 

9.4 

13.0 

15.1 

Cytochrome 


2.7 

5.7 

7.6 

8.8 

Prostigmine 


2.7 

,5.9 

8.3 

10.9 

Ephedrine 


2.7 

,5.4 

7.3 

9.0 


DISCUSSION 

The results in these experiments differ in some respects from those ob- 
tained in similar studies previously reported.^ In the present cases the Q02 
„of the unsupplemented myasthenic muscle was lower than normal and the ad- 
dition of dicarboxylie acids produced a definite increase in oxygen consump- 
tion, whereas in the earlier experiments the control Qo;. was normal and it was 



NOTH OK IK vmio uisitratiuk or jiuscok ik iiy.\STHi;.NTA gKavir 593 


not iippreciably augiiuTiti'il liy ihr aiitUtiou of suoeimito- Tiie difference may 
have been due to the fact that, in ilie oliscrvalions reported in tliis jiapcr, pro- 
stiKininc and cplicdrine were witliheld for at lea.st tiveiity-four hours before 
the biopsy, finis remleriiii; the iiatient,s definitely ‘'mya,sthenie,” while in the 
lireviotis exjieriments prostijtmine was not withdrawn .and aetuall.v wa.s jtiven 
two hours before the hiojisies weie performed. 

In Case 1 the most interesting feature is certainly the very low re.spir<ation 
of the un.supplenienteil tissue ami the rapidity with which the rate of oxyyen 
consumption fell oft after the first hour. In these respects the behavior of 
the muscle in vitro might be eomsidered as exemplifying the clinical condition 
of the patient at the time of biopsy, irealciicss was quite apparent, and an 
elect rocardiogr.am showed abnormalities wliich were nineh less marked in a 
sub.scqucnt tracing taken after treatnienl with prostigmine and ephedrine had 
hcen resumed. 

In Case 2, while the oxygen consuniption of the unsuppleiiiciitcd ti.ssnc 
was still hclow normal, it wa.s not as low as in the first ease, despite the fact 
that the second patient was less tolerant of the w'ithdr.rwal of prostigmine. 
This, of course, suggests that the decreased oxygen uptake of the respiring 
muscle is not proportional to the severif.v of the disease or to the clinic.al re- 
quirement for pro.stigmiiic. It may well be asked whether the depression in 
muscle respiration is reflected in a subnormal consumption of oxygen by the 
patient as a whole. Unfortunately, no determinations of the b.isal metabolism 
wore made in Case I at Ibis tune, though rates several years previously when 
the patient was having severe .symptoms had been within normal limits. Gen- 
erally speaking, p.atients witli myasthenia gravis do not have a low metabolism, 
and the basal metabolic rate in the second patient was —7 per cent. 'We have, 
then, a situation similar to that involving diabetes and the action of insulin,® 
in which abnormalities in tissue re.spiratiou can be demonstrated without cor- 
responding changes in the res))iratory metabolism of the intact organism. The 
exphmation of these discrepaneics must await further knowledge which may 
enable us better to correlate the results of in vitro studies in general with 
those obtained from the intact individual. 

It is of interest that in Case 1, prostigmine, and in Case 2, prostigmine and 
ephedrine, both of which were clinically effective in our patients, significantly 
increased the oxygen eonsiimption of the respiring niusele. In several experi- 
ments with normal human muscle such effects have not been observed. 

The number of experiments is too small and their scope too narrow to 
draw any definite eonehmions regarding the nature of the lesion in myasthenia 
gravis. It may be pointed out, how-ever, iii eonnection with the theory postu- 
l.Tting a defect in the myoneural junction, that in these in vitro studies the 
observed effects of v.arious supplements were most likely a result of a ohaiige 
in the metabolism of the muscle itself. 

SUMMAKT AND COXCI.U.SIONS 

Experiments have been jiorforined on the respiration of excised skeletal 
muscle from two patients with myasthenia gravis. In hotli patients the oxygen 
consumption of the muscle was lower than normal. It was increased in one by 
the addition of prostigmine and in the otlier by prostigmine and ephedrine added 
together. It was also increased by certain dicarboxylic acids, eytoehrome C, .and 
various combinations of these supplements. The results indicate that in this 
disease the affected muscles show abnormalities in intermediary metabolism. 
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THE EFFECT OF INSULIN ON THE IN VITRO RESPIRATION OF 
HIBIAN SKELETAIi IMUSCLE 

Henry T. Ricketts, M.D., Chicago, III., and F. J. Stare, Bo.ston, JIass. 

T he action of insulin on the respiration of muscle in vitro has been studied 
by a number of workers with results which may be summarized as follows: 
Normal Muscle . — Insulin has been found to prolong the oxygen uptake of 
normal pigeon breast muscle mince respiring in various types of phosphate buf- 
fers.^‘‘ Preparations of insulin rendered inert by heat or alkali are inactive in 
this respect.' As judged bj’ the respiratory quotient, this prolonged oxj'gen 
uptake represents normal respiration.' This effect of insulin on pigeon breast 
muscle appears to be connected with the action of certain dicarboxylic acids 
(fumaric acid, etc.) since it is abolished by malonate which in certain concen- 
trations likevdse inhibits the eataljdic action of tbe dicarboxylic acids.' In 
muscle from mice and frogs, Buchner and Grafe' found that insulin increased 
both the oxygen uptake and the respiratoiy quotient. In other experiments with 
normal mammalian muscle, however, namely, skeletal muscle of the dog, cat, and 
rabbit and cardiac muscle of the dog, insulin has been found to have no effect 
on the respiratory metabolism.' 

Diabetic Muscle . — Stare and Baumann' reported that the stimulation by 
insulin of the oxygen consumption of normal pigeon breast muscle is definitelj" 
augmented by pancreatectomy, though Stadie, Zapp, and Lukens'* did not find 
this effect. The addition of insulin to preparations of muscle of depanereatized 
dogs and cats did not result in any increase in the consumption of oxygen or 
any rise in the respiratory quotient.' 

The effect of insulin on human muscle, so far as we are aware, has not been 
studied under these conditions. It is the purpose of this paper to report such 
experiments. 

experimental 

Muscle of both diabetic and nondiabetic patients was investigated. The 
diabetic patients were of three types : 

Group I (Uncontrolled, insiilin-sensitive) 

These patients (Cases 1-6) showed acidosis, ketosis, or marked hyperglycemia. 
They were all known or proved to be very sensitive to the hypoglj'cemic effects 
of insulin. The diabetes in each case was severe. 
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Group II (Coiiirollal, 

TJm sinfflo patient iu tlu^ Rroup (Case 1, formerly in Group I), uas uell con- 
trollpfl with insulin nnil was normally insulin-sensitive. 

Group III {Vnci>ntrollctt, uisittin-iiiimiittrej 

Tlieso p.ationts (Cases I, 7. urnl A) were relatively resistant to insulin. Injections 
of the hormone were liiseonlinutnl sevonal days before biop-sies were performed. 
The p.atient in Case 1 (formerly of Group I, then of Group 11) had become resist- 
ant for reasons unknown. The other two patients of this itionp were aeromefralic, 

A .'WiHjile of t!ic ga.slfoeiiemiHs timsele tveiglinig alioiit 5 Gm. was removed 
under loca! nne.stiicsia tvith iiovoeaiii. groat care Iteiitg (alcen not to infiltrate 
the nniscie itself. The exei.sion wa.s, therefore, accompaiitcd hy momentary 
severe pain. The muscle was freed of all olivioii.s fatty or fil)roii.s ti.s'sue, chilled 
on ice, bricJly rinsed with ice tvalcr. and minced in a cold micro-latapie ap- 
paratu.s. The niinee wtis collected in a cold Petri dish lined with .several layers 
of filter paper moistened with cold phy.siologic saline. Saniplcs of tissue, ap- 
pro.ximatcly 200 mg. oarh, were weighed on cellophane alip.s on a torsion hal- 
anee. The cellophane eontnining the sample wa.s placed in the manometric 
flash and the tissue was di-spersed with a wire. Measnrements of oxygen up- 
tahe were liegnn appro.ximately liiirt.y minutes after biop.sy. They were car- 
ried out at a temperature of .07,5° C. for from one to four liours with and 
without the aihlifion of insulin and certain other supplcmoats, specMcaUy 
fnmarie and glutamic aeid.s and, in one instance, cocarhoxylase. 

A glnco.se Ringer-phosphate bufl'er’ free of ealeinm at pll 7.4 was used. 
It was made up in twice noniial concentration am! diluted either with water 
or with suppleincutary solutions. The phosphate concentration was 11/60. 
The gluoo.se content was 0.2 per cent. Ail supplementary solutions were made 
up fresh for each e.xperimetit, neutralized to pH 7,4. and used in final eonccn- 
tratioii of 0.003 If. The insulin, a commercial preparation, “Iletin” U-SO, was 
diluted 1 to 4 with wafer. The flasks containing insulin received four units. 
The volume of solution in each flask wa.s 2.8 c.e. 

liKSULTS 

The data obtained from the six cases in Group I, those patients whose 
diabetes w'as severe, uncontrolled, but re,sponsivc to insulin treatment, are 
given in Table I, It is observed that the oxygen consumption of the nnsup- 
plcmentcd muscle tissue was below normal in two ease.s {1 and 2) and in these 
it was raised to normal by the addition of insulin. The Qo, of the nmsele from 
these two cases was 1.9 and 2,4 and in the presence at insulin wa.s 2.8 and 3.1. 
The dioarboxylic acids also produced an increase in metabolism, and this was 
further augmented by the addition of insulin. These increases, oceurriug as 
they did during the first hour (Qo,), repras-ent a true stimulation at respira- 
tion, and in addition the rate of respiration wa.s maint, lined for a two-hour 
period. The oxygen consumption of the muscle from the other four cases in 
this group was not increased by the addition of insulin aiotie. Generally the 
addition of a dicarboxylie acid (fumarate or glutamate) prolonged the rate 
of respiration and in Cases 3 and 4 this effect was oh.servcd only in the pres- 
ence of insulin. It is interesting that in Cases S and 4 the presence of insulin 
alone actually produced some inhibition of oxygen uptake. In the mu.s-elc 
from Case 5 eoearbo-xylase was added to half of the ve.s.se!.s. and it w.is found 
that in the presence of this coenzyme insniin prolonged the rate of respiration 
W'hereas it did not do so in the absence of coearho.xylase. The experiment 
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Table I. Protocols* ok the Bespiration op Muscle Frosi Diabetic Patients in Group I 

( U NCONTROLLED, INSULIN-SENSITIVE) 


Case 1 (Lap.), aged 54 years; severe diabetes; duration, fourteen years; marked weak- 
ness; never received insulin; blood sugar, 263 mg. per 100 c.c.; no ketosis 


SUPPLEMENTS 

IHR. 

OXV'GEN UPTAKE IN UOj 
IAHU. 

2 UR. 

None (control) 

1.9 

3.0 

3.9 

Insulin 

2.8 

4.5 

6.0 

Fumarate 

2.9 

4.7 

6.3 

Insulin -i fumarate 

3.4 

5.6 



Comment . — The control Qo, is low. Bespiration was increased by insulin, also by fumar- 
ate, but fumarate + insulin were better than cither alone. 


Case 2 (Wi.), aged 16 years; severe diabetes; duration, eight months; poorly controlled 
with inadequate insulin; blood sugar at biopsy 550 mg. per 100 c.c.; acidosis 


SUPPLEMENTS 

OXYGEN UPTAICE IN QO 2 

IHR. 

None (control) 

2.4 

Insulin 

3.1 

Fumarate 

3.1 

Insulin + fumarate 

3.1 

Glutamate 

3.0 

Insulin + glutamate 

3.8 


Comment. — Insulin, fumarate, and glutamate increased respiration about equally. Insu- 
lin + fumarate were no better tlian cither alone, but insulin + glutamate wore more effective 
than glutamate alone. 


•All results are 
meters of oxygen cons 
consumed during the 

consumed at the end of the period designated. 


Case 3 (Ah), aged 25 years; severe diabetes; duration, ten years; fair control; insulin 
withdrawn 5:00 P.M., December 5; on December 7 marked acidosis necessitated 80 units of 
insulin between 1:00 a.M. and 6:00 A.il.; biopsy 1:00 P.M., December 7, with blood sugar of 
SO mg. per 100 c.c., but patient still nauseated 


SUPPLEMENTS 

IHK. 

OXYGEN UPTAKE IN UO, 

2 HR. 

3 HR. 

None (control) 

3.6 

6.4 

7.8 

Insulin 

3.4 

5.2 

5.8 

Insulin added at one hour 

3.4 

5.3 


Fumarate 

4.3 

6.1 

6.7 

Fumarate + insulin at one hour 

4.0 

8.6 

11.6 


Comment . — ^Insulin alone produced some depression of respiration, but when added with 
fumarate caused a considerable increase at two and three hours. 


Case 4 (St.), aged 47 years; severe diabetes; duration, eight years; fairly good control; 
insulin withdrawn 8:00 A.M., March 30; marked acidosis necessitated fluids and 50 units of 
insulin at 11:00 p.m., Jlarcli 31, and 15 units at 3:00 A.M., April 1; biopsy at 8:50 a.m. on this 
day with blood sugar 431 mg. per 100 c.c. and urine showing large amounts of ketone bodies 


SUPPLEMENTS 

1 HR. 

OXYGEN UPTAKE IN UO 3 

2 HPv. 

3 HR. 

None (control) 

mammsm 

5.5 

0.9 

Insulin 

2.6 

3.6 


Fumarate 

3.2 

0.4 

7.3 

Fumarate + insulin 

3.4 

7.2 

9.0 


Comment . — Insulin alone produced definite inhibition of respiration but when added with 
fumarate augmented the slight increase produced by the latter. 
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C/USf) 5 (E<;.), UO years; M‘\cre •huitctcs; duration, two ypjir.H; j)oor contryl; insulin 
wjtfulrawn Atarcfi 20; hsopsy ifnreJ* 2i, with blood jnigar S-l.j inj;. per 100 c.e. and patient in 
ketosis; elinioal and rlieniiral nridosia four hours later 


.SUm.f^SfKKTS 

HR. 

oxYot-s' evT.vKr.tx w, 

2 HR. 3 nn. 

4 IIK. 

Noiio (control) 

.3-1 

5S 

a.5 

(i.H 

Cocarboxvlnac 

2-9 

5.fi 

7.0 

7.9 

Insulin 

3.0 

5.0 


C.O 

InsuUn cocarboxvlnso 

3-0 

5,S 

8.6 

9.5 

Insulin at two hours 

3.0 

C.O 

7.0 

7.4 

Cocnrboxyhse + insulin nt two hours 

3-0 

5.8 

8.7 

9.5 

Fumaratc 

3.5 

7A 

11.2 

24.1 

Fumar.ate + cocnrboxvloso 

3.3 

7.1 

10.7 

13.0 

Insulin + fumarato 

3.1 

G.3 

9.5 

11.6 

Insulin. + funmrato + encarboxviaso 

3.5 

0.7 

10.0 

13.2 


Comment.— Insulin had no effeet on the respiration ulicn only the cu&toniarj' glucose- 
Ringer-pliosphatc bufTcr was used. ^\nicn cocarboxylasQ was added, a moderiito increase was 
produced by insulin. This was mamlesled ehierty ns a prolongation ol the original respiratory 
ratc.^ Thus, if only the oxygen ronvunied dunng the last two hours of each experiment is 
considered, it is found that the control tissue used 7.t> - 5.0 = 2.3 c,c. of oxj'gcn per milligram 
of dry weight of tissue, whereas the tissue to which insulin was added consumed 9.5 - 5.8 = 
3.7 C.C., an increase of 02 per cent. Pumarato was ineffectire in fncilitating the action of 
insulin. 


Case G (Am.), aged 21 years; moilerafoly severe diabetes; duration, three months; never 
received insulin; blood sugar at biopsy, mg. per 100 c.e., and patient in ketosis but not 
ncidosis 


#5vrpr-FrMB.vTR 

1 )in 

o.vvonx rmKF. in uoj 

2 UK. 3 HR. 

4 nn. 

None (control) 




■HQnilBB 

Insulin 

3 5 




Fumarato 

3.9 




Fumarato + Insulin 

3.9 




Olutamate 

4.2 




Glutamate + insulin 




Hmn 

Comment.— Xo olTpct 

uuH jiroilijcffl bv 

insulin, either alono 

or uith other suDoloments. 


with muscle from Case fi is of interest because tlie respiration was unusually 
good. The Uo. even at three or four hours and the response of the innscle to 
lumaratc and glutamate compared fa\'orably with Avhat one would expect with 
''normal” human skeletal muscle, In.sulin was without effect eitlier alone or 
when atldetl to a dicarhoxylie acid. 

Only one experiment wag done with muscle from a patient representative 
of Group 11, that is. a controlled di.ahctic patient responsive to insulin therapy. 
The data from this experiment arc given in Table IT. It is observed that the 
nnsnppicmented rausele had a Qo. of 2.6 which is on the low side of what we 
have found for .supposedly normal human skeletal muscle. Imsiilin was with- 
out effect either alone or in the presence of fimiavatc. 

In Table III arc given the residt.s Avith muscle obtained from patients in 
Group III who Averc uneontrollrd diaiietie ])atieiit.s and nol re.sponsive to in- 
sulin. In these three expcriment.s insnlin produced no .significant effect execiit 
in muscle Irom Case 8 Avheve it definitely iiAbibitcd oxygen consumption. It is 
also interesting that the muscle from this last, ease had a very Ioav Qo. and that 
it did not respond in the usual manner to dicarboxylie acid supplements. 

The data secured in one .subject (Case I), who passed sucecssiA-ely through 
all the phases of diabetes represented by Groups I. II and III, and in Avhom 
miBclc biopsies Avere obtained during each stage, are of particular interest. 
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RICKETTS AND STARE 


Tabm II. Protocols* ok the Respiration of Muscle Prom Diabetic Patients in Group II 

(Controlled, Insulin-Sensitive) 


Case 1 (same as Case 1, Group I) ; well controlled for three weeks with from 50 to 90 
units insulin per day; allergic reactions at injection .sites avoided by intramuscular route; 
insulin not withdrawn prior to biopsy 


SUPPLEMENTS 

OXYGEN UPTAKE IN UOj 

1 HR. HR. 

None (control) 

2.6 

4.4 

Insulin 

2.7 

4.5 

Fumarate 

3.2 

5.2 

Insulin -t fumarate 

3.4 

5.7 

Comment . — ^No appreciable effect 

was produced by insulin. 



'All results arc the .average of fluplic.ato determination.^ and arc given as cubic milli- 
meters of oxygen consumed per milligram of dry weight of tissue. The expression U03 indi- 
cates the total amount of oxygen consumed at the end of the period designated. 


Table III. Protocols* on the Respiration of Muscle From Diabetic Patients in Group 
III (Uncontrolled, Insulin-Insensitive) 


Case 1 (same as Case 1, Groups I and II) ; definitely resistant to insulin for three months, 
requiring from 400 to 1,300 units (average about 725 units) per day; insulin withdrama for 
fifty-one hours except for 15 units (acidosis) given fifteen hours before biopsy; blood sugar, 
390 mg. per 100 c.c.; moderate ketosis 


supplements 

1 HP.. 

OXYGEN Uin’AKE IN UO: 

2 HR. 

3 hr. 

None (control) 

2.7 

4.3 

4.7 

Insulin 

2.8 

4.0 

4.4 

Fumarate 

4.0 

G.I 

G.7 

Insulin + fumarate 

3.5 

5.1 

5.5 

Comment . — No significant effect 

was produced by insulin. 



Case 7 (Cr.), aged 33 years; acromegaly, four years; diabetes, two years, requiring from 
150 to 300 units insulin per day; insulin withdrawn seventeen days before biopsy; blood sugar, 
266 mg. per 100 c.c.; glycosuria, 4 plus; no ketosis 


SUPPLEMENTS 

1 HR. 

OXYGEN Ul'TAia: IN UO- 
2 HR. 3 HR. 

4 HR. 


None (control) 

3.0 




■ 

Insulin 

3.2 




■ 

Fumarate 

3.5 




■ 

Fumarate -i insulin 

3.7 




■ 


Comment , — Insulin neither alone nor with fumurate produced any significant change in 
the respiration. 


Case 8 (Lan.), aged 57 years; severe diabetes; duration, twelve j'cars; control fair to 
good; acromegaly six years; also pj-elonephritis and neuritis; for three days before biopsy, 
insulin dose, previously 55 units per day, reduced to 20 units per day; blood sugar at time of 
biopsy, 419 mg. per 100 c.c.; no ketosis 


SUPPLEMENTS 

OXYGEN UPTAKE IN UOj 
1 HR. 

2 HR. 

None (control) 

1.5 

4.0 

Insulin 

1.1 

2.7 

Fumarate (0.007 M.) 

Fumarate -i insulin 

1.9 

3.2 

1.4 

3.8 

Glutamate (0.007 M.) 

1.6 

4.1 

Glutamate -i- insulin 

1.7 

4.2 

Comment . — The Qo. is very low. Insulin 
with other supplements had no significant effect. 

.done definitely depressed respiration. Insulin 


♦All results are the average of duplicate determinations and are given as cubic milli- 
meters of oxygen consumed per milligram of dry weight of tissue. By Q02 is meant the oxygen 
consumed during the fir-st hour. The expression Tjoi Indicates the total amount of oxygen 
consumed at the end of the period designated. 
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At a time ivhcii tliis jiatieiit Iiad not reeeived treatment of any Icind and iidien 
tile iilond siifrar ivas iiiiili, the oxyiren consumption of tlie nnsupplcmented 
museie was low and was liroiijiht up to normal by the addition of insulin to the 
^\al■hln•" flash (Table I). After the disease had been adequately treated, the 
in vitro respiration of the unsuiipicmented tissue was higher and well sus- 
tained hut was not increased by the addition of insulin to the medium (Table 
II). Similar rcsidts were obtained in a third experiment several months later 
when the patient, now highly resi.staiit to insulin and requiring from 400 to 
1,200 units per day, had lapsed from control. 

It is diflicult in experiments of this type to have proper controls and to 
be able to compare the results with similar studies done on supposedly normal 
skeletal muscle. For examples of the latter, we have usually used biopsies of 
the abdominal rectus, gluteus maximiis, and gastrocnemius obtained at routine 
surgery from individuals without known metabolic or muscular disease. As a 
result of some forty experiments of tlii.s type, we have found that these samples 
of .skeletal muscle are alike in their in vitro oxygen uptake and response to 
various supplements. The Qo- averages between 2.5 and 4.0, and a linear rate 
of oxygen uptake is maintained for from one and one-half to two hours. Re- 
sponse to diearhoxylic acids is similar to that obtained from skeletal muscle 
from other speoics,^ and insulin is without effect on the in vitro oxygen uptake. 

SUMMARY 

Insulin has been found to iticrcase and |>ro!ong the rale of in vitro oxygen 
consumption of minced .skeletal mu.scle c.xci.scd from .severely diabetic patients 
whoso diabetes was utieontrollcd but responsive to insulin therapy. In two pa- 
tients the effect was obscivcd without the addition of other supplements; in two 
patients it was observed only after a dicarboxylic acid had been added to the 
medium; in one patient it was necessary to have added cocarboxylase; and in 
one patient no in.sulin effect either alone or in the presence of a dicarboxylic acid 
was found. 

Insulin was without effect on the in vitro respiration of skeletal muscle from 
a controlled insulin-sensitive diabetic patient or from three patients whose dia- 
betes was uncontrolled and not readily responsive to insulin therapy. Likewise, 
insulin gave no effect on the in vitro rcspii-ation of skeletal muscle from patients 
without metabolic or muscular disease. 

Wc wsh to express our appreciation to Dr. E. S. G. Barron, for the use of his labora- 
torj' and equipment, and to Drs. Alexander Bnlnscll^^ip, T. Howard Clark, Dwight Clark, and 
Iveith Grimpon, for performing’ the hiopsios. 
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THE EFFECT OF ULTRAVIOLET IRRADIATION ON THE 
BLOOD HEMOGLOBIN 


Adelaide P. Barer, Ph.D., and Willis M. Fowler, M.D. 

Iowa City, Iowa 

T he influence of ultraviolet I'adiation on the fonnation of hemoglobin and 
erythrocytes and its effectiveness in the treatment of anemia have not been 
clearly established. The literature reveals much conflicting evidence with few 
controlled clinical experiments bearing on the sub.ieet. It has been shown that 
repeated irradiation to animals stimulates hematopoiesis,’’ - causing an unusually 
rapid production of erythrocytes. Mayerson and Laurens have sliown that 
irradiation with the flaming cai’bon arc and the mercury quartz lamp produces 
a marked increase in the erythrocytes and reticulocytes in dogs made anemic 
bj' hemorrhage'' as well as in dogs in which a hemolytic anemia was produced 
l)y the administration of acctylphcnylhydrazine (pyrodine).'* Ultraviolet ir- 
radiation has also been reported to be effective in raising the hemoglobin .level 
in rats rendered anemic by a milk diet.’ 

There have been many reports concerning the effect of ultraviolet irradia- 
tion on the anemia of human subjects. Kovaes''’ observed its effect on fifty-nine 
patients whose anemia ivas secondary to a wide variety of diseases. He noted a 
slight increase in the blood hemoglobin in fifteen of the thirty-seven patients 
treated and an increase in the erythrocytes in seventeen patients. The effects 
were not striking. In a subsequent report’ he concluded that the production of 
hemoglobin is accelerated and the number of erythrocytes is increased by ultra- 
violet irradiation. It has been shown that this form of therapy causes an increase 
in the blood hemoglobin in debilitated children,® but Ijaurens” and Krusen’®' ” 
believe that although the radiation may have some effect on certain forms of 
anemia, its usefulness is limited, its effects arc nonspecific, and it serves only as a 
useful adjunct to other fonns of ti’catinent. Ulti’aviolet irradiation is of proved 
value in the treatment of certain conditions such as rickets, bone and joint 
tuberculosis, and some other disease which may be accompanied by an anemia. 
As the iirimary disease is improved by this treatment, there is a concomitant 
improvement in the anemia. 

In an attempt to evaluate the effect of idtraviolet irradiation on hemoglobin 
formation, we selected forty subjects with mild, but uncomplicated, anemia. 
These patients were students and hospital personnel who were in good health 
and whose histoiy and physical examination revealed no recognizable disease ex- 
cept for the low blood hemoglobin. We have encountered many similar sulijects 
whose hemoglobin level was below the commonly accepted standards of normal 
but in whom there was no recognizable cause for the anemia. It has been our 
belief’^ that this low level of hemoglobin represents a normal level for some 
individuals, whereas in others a similar hemoglobin level represents a mild 
grade of anemia which, in the absence of other causative factors, may be on a 
nutritional basis. The administration of iron salts to such subjects produces an 
increase in their hemoglobin level which reaches a peak at the end of from eight 

Prom the Department of Internal Medicine, College ot Medicine, State University ot Iowa. 
Received for publication Aprii II. 1945. 
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I-.Kl'KCT OF ULTR.VVIOIJCT UlRVDIATIOX OX lU.OOD IIFJIOGLOniN 


COl 


(o ten wueks and llieii falls. Tiic lilood Iieiiio^Iohiii may dro]) to thu ]H‘c-treal- 
ment level in tlie nonaneniie subjeets or to a point slightly above this level in 
those with mild anemia. This tyjie of subject was selected for irradiation therap}' 
in the belief lliat any .stimulating eftcet wliieli the rays riiiglit liave would be- 
come evident in as much as there nei'c no complicating discasc.s or deficiencies 
in the individuals and the bone marrow was apparently normal. Iron salts had 
previou-sly been adminisierccl to many of the women and to some of the men 
subjects without significant or pei-sistent benefit. All the subjects ate nn ade- 
quate and M-cll-balaneed diet, but by reason of their occupation tiiey were in- 
doors much of the time without exi>osurc to sunshine. 

These observations were made during the fall and winter months of the 
year when there is a tendency, in this locality, for a sliglit but gradual decrease 
in the blood hemoglobin. As a control, a group of thirty-two subjects (twenty- 
five women and seven men) wore selected whose hemoglobin levels corre.spondcd 
to those of tile group under treatment. The control subjects were observed 
during tlic same montlis as tlie group under treatment, tlieir environment and 
eating hal)its were essentially tlie same, and they received no medication or treat- 
ments. 

The radiation used in this study was obtained from a Burdick air-cooled 
quartz lamp. The burner of tlie lamp was placed thirty inches above the body 

T.\DI.E I 


INITIAL ULOOn WEEKLY ULOOD IILMOOLODIN (OM.) 


SUBJECT 

IIEilOGLOIlIN 

GBAMS 

1 

u 

111 

IV 

\ 

VI 

VII 

VIII ' IX X 

Men 










•T.D. 

12.77 


+l..»o 

+ .87 






R.P. 

12..'!4 

- .19 

+ .81 

- .00 

+1.05 

+ 1.05 




E. P. 

12.34 

- 

-1.05 

+ .19 

- .31 

- 

+ .50 



E. A. 

12.77 

+ .12 

+1.12 

+ .12 

± .00 

+ .74 

- .56 



R.B. 

13.89 

+ .12 

+ .50 

+ .50 

+ .99 

- 

- .74 

+ .12 


P. B. 

13.39 

- .25 

- .12 

+ .25 

+ .37 

- 

+ .37 

- 

+1.98 

E. M. 

13.89 

+ .50 

+1.12 

+ .75 

+ .09 

- 

- 

+ .25 

+1.49 +1.98 

L. S. 

12.77 

- .37 

- .12 

- 

+ .87 

- .12 

+ .75 

+ .25 

- + .02 

R.A. 

13.G4 

+1.30 

- .50 

+ .50 

- 

+ .99 

+ .02 

+ .02 

± .00 - .99 - .83 

G. H. 

12.90 

+ .12 

+1.01 

+1 24 

+ .50 

+1.12 

- .02 

- .87 

- .70 + .99 

S. S. 

12.90 

+ 1.S0 

+ .02 

-1- .74 

+1.49 

- 

+2.73 

+2.23 

+ .87 + .99 + .02 

J. N. 

12,09 

+1.80 


+ .08 

+ .68 

+ .0.3 

- 

- 

- +1.55 

O.L. 

12.77 

_ 

+1 24 

± .00 

- 

+ .37 

+2.01 

- .25 

+ .50 + .50 +1.24 

Women 










J.W, 

9.77 

- 

+ .30 







V. T. 

9.17 

+ .90 

- 

+1.77 






H.B. 

12.21 

+ .HI 

+ ,50 

- .25 

- .81 





J. D. 

12.40 

- .74 

- .50 

- 

+ .12 





p.a 

9.3C 

_ 


- 

- 

- 

+ .75 



E.K. 

• 11.28 

- 

- .31 

- 

- .31 

- 

- .02 

+ .19 


P. L. 

9.80 

_ 

+ .08 

- 

+ ,08 

+1.24 

+ .50 

+ .31 

+ .43 

M. P. 

9.92 

_ 

_ 

+ .50 

- 

+ .43 

- 

- 

- + .81 

A.l). 

10.04 

+ .9.1 

+ .88 

- 

- 

- 

- 

- 

+ .42 +1.12 

M. C. 

10.23 

+ .12 

+1.12 

-L .12 

+ 81 

+ .31 

+ .93 

+ .31 

+ .43 +1.12 

L. G. 

10.35 

± .00 

+1.24 

- 

- 

+ ,00 

+ .50 

- 

- .43 - .12 

B. H. 

11.72 

J- .{)2 

+ OS 

.40 

+ .93 

+ .31 

+ .03 

+1.18 

- +1.05 

AV. B. 

lO.GG 

+ .02 


+ .25 

- 

+2.73 

+1..30 

+ .0.3 

- + .50 

g.g. 

9.24 


_ 

+ .08 

+ .93 

- 

- 

+ .12 

- .68 

E. H. 

lO.GG 

+ .;’.7 

_ 

+1.36 

- 

+ .99 

- 

- X 

- + .90 

R.K. 

12.77 

+ 37 

+ ..37 

- .56 

-1.43 

+1.24 

- 

- 

-1.18 -1.24 

P.C. 

11.04 

- .50 

+ .93 

- 

+ .74 

± .00 

- .Qb 

+ .12 

+1.36 +1.05, 

E. Z. 

12.47 

+ I IS 


+ .56 

+ .81 

+1.55 

- 

- 

+1.30 +1.05 +2.2.9 

at. AV. 

11.72 


+1.55 

+ .50 

- .37 

+ J50 

+1.30 

+ .93 

+ .06 + .62 + .81 

E. Y. 

12.40 

± .00 

_ 

- .62 

- 

± .00 

- 

- .12 

+ .87 - 

L. C. 

12.52 

_ 

± .00 

+ .87 

- .12 

+ .75 

+ .25 

+ .02 

- .66 + .19 - .43 

L. M. 

12.G5 

- ,93 

- .50 

-1.55 

- .62 

- .43 

- .50 

+ .02 

+ .74 +1.05 -1.47 

E. C. 

12.09 

- .50 

- .87 

- .93 

-1.67 

- .81 

- .87 

- 

± .00 

E. J. 

10.85 

+ .93 

_ 

- 

+ .06 

- 

- .31 

- 

o 

o 

E.H. 

10.48 

+ .31 

+ .43 

+ .62 

+ .99 

+ .50 

+ .87 

- 

+ .68 

M. P. 

10.54 

+ .31 

_ 

-1.12 

- 

- .12 

- 

- 

- .87 - + .19 

E. H. 

9.02 


+ .31 

- 

+ .90 

- 

+1.20 

- 

- +1.35 




enA 
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and llift sUvitters were adjusted so as to concentrate the light on the exjiosed 
portion of the body. The erythema dose was determined for eacli individual, 
being about tiiirly seconds in most eases, and tliis amount of iiTadiation was 
given as the initial exposure on hotli the anterior and posterior surfaces of the 
body, respectively. Barring reactions, the amount of irradiation won increased 
thirty seconds with each of the three treatments per week nntil a maximum 
exposure of seven niinutes on hotli the ventral and dorsal surfaces was reached. 
This exposure was given lor one week, then reduced to thirty seconds, and again 
built up in the same manner. In the few instaiiccs in wliich a significant 
erythema developed, the exposure time was decreased thirty seconds, hold at 
that level for several treatments, and then increased in the usual manner. 

Blood hemoglol)in determinations were made at weekly intervals, rising 
an acid hematin method with a Kletl-Svnnmcrson photoelectric colorimeter. 
The results of the weekly blood hemoglobin determinations are shown 
in Table I and the change in the hemoglobin levels for the treated and tlie con- 
trol groups are illustrated graphically in Fig. 1. 

UCTR Avnut 

CONTBOt 

* 1.0 



-so- 1 1 1 I 1 1 i 1 

I i s 4 J * 7 » 

WEtHS 

1. Effect of ultrnviolet irratlijition on bloort bcnioglobin level 

It will he noted in Table I that a majority of the subjects, both men and 
women, who received ultraviolet irradiation showed a rise in blood hemoglobin. 
This was not a striking increase, but only a moderate elevation in all cases. The 
increase in hemoglobin is portrayed graphically in Fig. 1 as the average increase 
for the group. It will be noted that although there is a slight increase in the 
hemoglobin level which is maintained throughout the observation period, there 
is not a progressive and continuing rise. Hemoglobin readings made at weeldy 
inteiwals on any group of individuals will show variations which are as great 
as the variations encountered in this group of subjects, but they will not show 
the persistent increase. The results assume greater significance when compared 
to the control group and when it is realized that the observations were made 
during a time of year when there is a normal tendency in this locality for a slight 
rednetion in blood hemoglobin, 

coKcnusioK 

These results indicate that ultraviolet irradiation produces a very slight 
but pei-sisteiit increase in the blood hemoglobin level. The increase is not great 
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cnoii<:li to rcconiiiieiul tins :i.s a routine therapeutic procedure in liypocliromic 
anemia, altIioup:li it may sometimes be useful as a supplement to other forms 
of therapy in selected cases. 

Tlio Burdick Corponifiou of Miltou, Wis., kindly furni^iliod tlio Quartz ilcrcurA* Ultra- 
violet lamp used in tins study, a Burdick Professional Special. 
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THE EFFECT OF DIOITALIS, EPINEPHRINE, AND SURGERY 
ON THE RESPONSE TO HEPARIN 

Camedell Moses, 

PiTTSDURGH, PA. 

T he current interest in anticoagulants in the prevention of thrombosis has 
led to renewed discussion of the effects of various agents on the coagula- 
tion time.^’° Recently de Talents® has de.scribcd a heparin tolerance test for 
use in the study of the coagulation mechanism and has commented on the 
effect of various agents on the response to heparin. Tins study was car- 
ried out to determine in our own experience the effects of epinephrine, digi- 
talis, and major surgery on the heparin tolerance test. 

METHODS 

In measuring heparin tolerance it is of prime importance that the coagula- 
tion time be followed by a method capable of accurately revealing small 
changes. The methods of Howell and of Lee-White, while suitable for many 
clinical purposes, do not detect relatively small changes in the coagulation 

Fiom tlir Dcpaitment of ana Pharmacology’ of the School of Medicine of 

the University of Pltt.sburgli 

The patients usinl in tills .study were obtained through Uie courtesy of Dr. A. H. Colwell 
and tlie .’ittcndiiig .st:iff of Tlic Presbyterian and Woman's Hospitals of tiie University of 
Pltlshurgh. 

The author is indebted to Dr, T. K. Kruse and Dr. C. C. Cutlirle for much helpful 
criticism. 
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time' and tlierefore were not used in this study. Kruse’s method, which indi- 
cates the initiation of coagulation as contrasted to the relatively complete 
coagulation obtained witli the Lee-AVhite procedure, was found in prelimi- 
nary work to be a satisfactorily sensitive test of the coagulation time." 

After control coagulation times had been established, a dose of sodium 
heparin of 0.15 mg. per kilogram bodj^ weight was administered intravenously. 
The coagulation time was then determined at 2- to 5-minutc intervals until it 
had returned to control levels. A fresh skin puncture was used for each 
determination. 

10 • 

f ' 


' \ 
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i \ 
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Fie. — Average, maximimi, and minimum response to 0.15 mg. heparin per hilogram of 

body weight. 


RESULTS 

Control Experiments . — Control coagulation times in the twenty-five individ- 
uals tested varied from 2.5 to 5 minutes. Following the administration of 0.15 
mg. of heparin per kilogram of body weight the coagulation time rose from 1 to 
8 minutes aboA'e the control level within 10 minutes after injection. In all 
control individuals the coagulation time had returned to the base level ivithin 
25 minutes. In Fig. 1 is indicated an ai’erage response to this dose of heparin 
as Avell as the maximum and minimum increase noted in this series. De Takats“ 
has previously commented on hypo- and hyperreactors to heparin and de- 
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scribed a biphasic reaction^ with a primary and secondary peak in coagulation 
time. Such hiphasic reactions Avoro not observed in this series. Repetition of 
the tests even after .several weeks revecaled relatively constant I'csiionses. This 
is demonstrated in Fig. 2. 

7 • 



'•lJ-8-44 


S • 


4. ‘ • 

' 6 10 IB 20 2B 

0<1$ az^/Kf^, yin\it»s Bft»r Heparin. 

Heparin IV« 

Pis'. 2.— Con^JstCHt response to /i(lmJni5tratlon of 0.ir> ms. «0()Jum Jjfp.'irJn per kjJosram of 
body wcicht repealed after thrcc*vfetk Interval 


After 
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0.15 mf./Kr. Mlnutee after Heparin. 

Heparin IV. 

Pie. 3 — Response to honniln Ijefoic and after the administration of 1-11 nr. of digltaUs In 
' thirty-three days. 

BigHalis Administration— Several investigators- '^ have found a reduction 
in the coagulation time following the administration of digitalis. This 1ms been 
reported to be especially evident with the giving of relatively large doses to 
animals.^-* With the use of therapeutic amounts in man“ the decrease in 
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coagulation time as compared to the controls was much less evident. The 
heparin tolerance of eight individuals before, during, and after therapeutic 
digitalization failed to reveal any .significant or consistent decrease in either 
the coagulation time or the response to lieijarin in this study. In Pig. 3 is 
illustrated the response to hepai'in before and after the administration of 141 
gr. of digitalis in thirty -three days. 



Fis. 4. — Heparin tolerance curve hetoro and after the nflministrntlon of 1 me. of epinephrine 

intravenously. 


6 • 



tleparln 

5, — Effect of heparin on coagulation time before, A, and three days, B, flve days, C, and 
seven days, D, after subtotal gastrectomy. 

Epinephrine , — ^Epinephrine reportedly hastens coagulation of blood but 
such reports have not been generally confirmed.® Eecently a decrease in the 
heparin tolerance curve has been reported following the administration of 
epinephrine.^ In five individuals no significant or consistent change in the 
heparin tolerance curve following the administration of 1 mg. of epinephrine 
intravenously has been obtained in this study. In Pig. 4 is illustrated a typi- 
cal response. 

Surgerp . — ^It is generally recognized that thrombosis is prone to occur m 
the postoperative period. In nine patients in whom the coagulation time and 
heparin tolerance was followed before and at intervals after a major surgical 
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procedure, no significant or consistent decrease has been obtained. In Fig. 5 arc 
indicated the results of the heparin tolerance tc.st before and at three, five, and 
seven days after siilitotal gastrectomy. In this individual an actual prolongation 
of the lieparin tolerance curve was obtained rather than a decrease as oliscrvcd 
by otlicrs.” 

SUMMARY 

A study of tlic response of individuals to the intravenous administration 
of 0.15 mg. of lieparin per kilogram of body weight is presented. 

No significant decrease in heparin tolerance was obtained after the adminis- 
tration of digitalis or epinephrine or after major surgery. 
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A DEMAND APPARATUS FOR AUTOMATIC DELIVERY OP AEROSOLS 

DURING INSPIRATION 

Morris Ecksun, B.S., Charles C. Rujisey, Jr., Beatrice Barach, and 

Alvan L. Barach, M.D. 

New York, N. Y. 

T he nebulization of bronehodilator and chemotherapeutic aerosols by a con- 
tinuous stream of oxygen passing through a nebulizer delivers these drugs 
during both cycles of respiration, thus pciinitting a loss of the solution during 
the expiratory cycle.’’ - In the clinical use of penicillin aerosol a Y tube was 
inserted between the regulator and the nebulizer. The open end of the Y tube 
was closed lij’ application of a finger just befoi-c the beginning of inspiration, 
which forced the oxygen flow of from 4 to 8 liters per minute through the 
nebulize!’, and, before the termination of inspiration, the finger was removed, 
which pemitted the oxygen stream to pass into the outside atmosphei'e and 
terminate the nebulization of the penicillin. The aerosol was thereby produced 
and inhaled during inspiration only. The volume of the nebulizer was enlarged 
to contain a IjOOO c.c. reservoir bulb to collect penicillin in the exhaled air.^’"* 

In the apparatus here desci’ibed the lowering of pressiu’e within the 
nebulizer at the start of inspiration releases a flow of oxygen from the demand 
valve w’hich then passes through the nebulizer. The penicillin aerasol is thus 
formed only during inspiration without the cooperation of the patient being 
required. 

d&scription 

The automatic nebulizing demand valve (Pig. 1) consists of an aluminum 
casing divided into three separate chambers (1, 2, and .5). The first chamber, 1, 
houses the valve, B, w’hieh controls the flow’ of gas to the nebulizer. The. second 
chamber, .2, is kept at atmospheric pressure by means of tw’o holes communicat- 
ing w’ith the outside air. It is separated from the third, or activating chamber, 
3, by a thin rubber diaphragm, E, which is stiffened wdth tw’o tliin sheets of 
plastic, J). A valve stem, C, connected to the rubber diaphragm, and passing 
through a bearing into the top chamber, 1, is capped wdth a head containing 
a neoprene washer. The valve stem is raised and low’ered by movement of the 
rubber diaphragm and w’hen fully elevated its head makes contact wdth the 
valve seat, B, interrupting the flow’ of gas wdxich flows through the outlet, J. An 
ordinal”}' hospital regulator attached to the demand valve by means of the 
adapter nut, A, supplies the air or oxygen flow for the sj’stem. 

The third, or activating chamber, 5, contains a lever arm, P, w’hich is 
pressed upw'ard against the underside of the diaphragm by means of a spring, G. 
The spring, housed in a gastight cap, may be shortened or lengthened to exert 
varying degrees of tension against the lever ai'm. The change in spring tension 

From tlie Aviation Research Laboratory, Columbia University. 

The work describeil in this paper was done under a contract, recommended by the Com- 
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is accomplished by turniii" tlic thumbscrew, 11. Tlio outlet, K, from tlic no* 
tivating chamber permits the transmission of pi'cssure fluctuations to the under- 
side of the diaphragm. 

The iicbnlizcr* is adapted from a type used for administration of 1 ])cr cent 
cpinephrin. A bOO or 1,000 c.c. flash, L, is fused to the lop of tlie reservoir, .V. 
As air or oxygon flows through the inlot, P, it converts tlie inhalant solution to a 
very fine suspension of drojilels v.’hich leave the system tlirough tlie mouth- 
piece, 0. The velocity of gas flow through the vesen'oir sets up a slight negative 
pressure and more air is drawn from the outside nlmosidiei-e through the re- 
stricted orifice, It. Tliis latter fraction of air then mixes witli the suspension of 
droplets in L and .1/ and leaves the nebulizer at the inoii1h]>iccc. ^Vith lliis 
arrangement any droplets of the inhalant remaining in thy flask after expiration 
arc drauii into the lung, with tlic newly formed aerosol, during the succeeding 
inspiration. 



Fig. 1 


VALVE 


Outlet K of the demand valve is attached to the nebulizer, N, by means 
of a three-foot length of % inch 1.0. tiihing. The flow outlet J is connected to 
the inlet P of the nebulizer va\h a three-foot length of Vi inch I.D. pressure 
tubing. 

DIUECTION FOR USE 

Connect the demand regulator to a hospital flow regulator by means of tlic 
adapter nut A. Decrea.se the tension of the spring by turning the thumbscrew 
clockwise until it stops. Turn handle of the hospital regulator to deliver the 
flow of air or oxygen desired. This flow may be from 4 to 10 liters per minute, 
depending on the speed of acrosolization or density of aerosol desired. Increase 
the spring tension against the lower arm hy turning the thumbscrew coiiiiter- 
clockwi sc, until the pressure of the lever arm against the diapliragm is just 
•Vaponefrin Co., TTppor parby, Pa. 
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sufficient to hold the valve stem against the valve seat with sufficient force to 
cut off the flow of gas from the regulator. 

Connect the demand regulator outlets, J and K, to the nebulizer outlets, 
P and N, with the proper tubing. Place 1 or 2 c.c. of the inhalant solution at 
the bottom of the nebulizer reservoir. Direct the mouthpiece back into the 
mouth and have the subject hold it firmly with the lips and breathe only through 
the mouth. As inspiration begins there is a slight fall (1 cm. H 2 O) in pressure 
in the flask due to the restricted intake oi-ifice, R. This pressure fall is trans- 
mitted through the pressure outlets N and K and is applied to the underside of 
the rubber diaphragm. Since the upper side of the diaphragm is maintained at 
atmospheric pressure, the diaphragm will be lowered. In so doing it moves the 
valve stem downward and permits gas from the hospital I’egulator to pass 
through B and then chamber 1 and then proceed to the nebulizer inlet, P. Aero- 
solization then takes place and a mixture of the aerosol, and air entering the 
system through R, is drawn into the lungs. At the end of inspiration the pres- 
sure in the nebulizer returns to atmo.sphcrie, and this pressure transmitted to 
the activating chamber permits the diaphragm to rise. The rising diaphragm 
forces the valve stem against the seat and intermpts the flow of gas through the 
demand valve. During expiration the exi>ircd gas passes through the nebulizer 
reservoir and fla.sk and leaves the outlet R. Some of the finely su-spended drop- 
lets of aerosol are prccii)itated on the walls of the flask, some leave tlu’ough R, 
and the remainder stay in suspension in the flask. The latter arc then drawn 
into the lungs, during the succeeding in-spiration. 

SUMMARY 

A demand regulator for nebulization of chemotherapeutic aerosols is de- 
scribed which automatically operates during insj)iration only. This apparatus 
has been used for clinical administration of penicillin. - 
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Tun Use of a Bun'ini as the Uakixo Uluid to O\t:i!C0MB Kiuious 
IxiinnKKT i.v THE CinnoxATE JIcthod 

JortK T. Van- Bbucoen', I’ti.D, 

St. Louis, Jlo. 

T ub rapid yet nceiiralo (icteriniiiatioii oC Iiemogloldn lia.s for many years 
been a major elinieal laboratoia- problem. With the advent of photoelectric 
colorimelci's several ot the original dilTiciiUie.s were ovci-comc. In this paper, 
data will be presented which point out a po.ssible error in one oC the photometric 
methods now in general use. 

The use of dilute earbonate (0.1 per cent) as the Inking fluid for red cells 
and solvent for hemoglobin dates back to the work ot Iliifucr’ and othcra in the 
latter half of ISOO. In 1929 Sheard and Sanford' developed a relatively simple 
and ine.xpcnsive filter photometer primarily for the determination of hemoglobin 
and recommended the dilution of 0.1 c.c. of blood in 20 e.c. ot 0.1 jier cent sodium 
carbonate. Sheard and Sanford, and later workers who have used this method 
on other instruments, have emphasized the imiiortancc ot Inking and of shaking 
to insure o.'jygenation ot the hemoglobin but have not discus,scd a critical time 
for the reading of the sample. In the photometric method, the light absorptive 
power of oxyhemoglobin at one of the maxima ot absoi'iition (042 mu) is used as 
a measure of the amount of pigment i>rescnt. 

It is generally implied that the photometric mcasuicmcnts ho made as soon 
as laking and o.xygenation are comiilcte, but in a liospital laboratory where many 
hemoglobin determinations arc made each day, the actual reading of the samples 
in the photelomotcr may be delayed. 

That the time of reading of the diluted sami>lc is important became ap- 
parent to us when we attempted to standardize several makes of photoelectric 
instruments. It was found on certain ocea.sioiis tlmt tlic light absorptive power 
of the solutions decreased on standing at room Icmpcratura. In Table I is shown 
the variation in hemoglobin values of two blood .samples by the cai'bonatc method, 
the diluted blood being kept at room temperature. 


Table I. Decsease ix Hemoglobin Values or Biooa S.\3irLE.s Diluted 1 :eno i.v o.l 
Peii Cent Cabbonate and Kept at Room Temperatube 



TIME isr MINUTES 

QRAMS HBMOGLODIN* I'J 
SAMPI/E 1 

er. 100 c.t\ ui.Ohh 

SAMPLE 2 


2 

14.0 

1,3.0 


12 

13.0 

12.3 


20 

32.8 

11.6 


32 

18.1 

11.2 



11*0 

lO.S 



47 

11.1 

10.5 


•Hemoglobin values were read frotj* a standard cuive used In connection with a Coleman 
Model 0 . Transmission values w'ere read with the Instrument set at 540 mu. The standaul 
curve relating oxyhemoglobin concentration to transmission values was prepared from suit- 
able dilutions of blood standardized with a Van Slyke manometric apparatus. 

Other samples of blood were studied in this manner and it was found that 
some showed greater variation, while some were quite stable. The principal 
variabl e in this work appeared to be temperature. 

^ Prom the Departments of Biochemistry and Internal Medicine, St. Louis Univer.sitv 
bchool of Medicine. * 
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To test this possibilitj’, a blood after dilution in carbonate, which had been 
stabe for 90 minutes at room temperature (26° C.), was immersed in a water 
bath at 40° C. In 15 minutes the hemoglobin value dropped 0.9 Gm. and after 
30 minutes, 2.0 Gm. per 100 c.c. blood. Although 40° C. is above our laboratory 
room temperature, we found that diu-ing the eomse of our work the temperature 
had varied from 26 to 37° C. The greatest instability in oxjdiemoglobin values 
was found to have occurred on tiic days when the temperature had lieen 37° C. 
Although these studies had been made on the Coleman Junior Clinical Spectro- 
photometer Model 6,*' the same phenomenon (oxyhemoglobin instability at 
40° C.) is easily demonstrated on filter photometers. 

It was observed that as the oxyhemoglobin solutions decreased in light ab- 
sorptive capacity (measured at 540 mu), tlic solutions changed from the bright 
red color characteristic of oxyhemoglobin to a dull brownish-red color. This 
color change was investigated spectrophotometrically, by determining the absorp- 
tion curves of the pigments present in a blood diluted with carbonate and kept at 
40° C. 

The oxyhemoglobin content of the blood sample by the Van Slyke man- 
ometrie method was 14.25 Gm. per 100 c.c. A Cenco-Sheard spectrophotel- 
ometer with 1 cm. cells was used for these studies, the entrance slit being 1 mm. 
and the exit slit 2.5 mu. 

Dilution of the blood was accomplished by adding 0.1 c.c. blood to 20 c.c. 
freshly prepared 0.1 per cent sodium carbonatet in a 50 c.c. flask. The flask was 
stoppered, shaken, and then immemed to one-half its depth in a constant tem- 
perature water bath at 40° C. Samples of the diluted blood were withdra\vn at 
inteiwals, cooled to 26° C. and absorption data detemined in the Cenco instru- 
ment. In Pig. 1 are shown the absorption curves of the i)igments present at 
0, 60, and ISO minutes and at 24 hours. 

The 0-hour curve shows the two, well-defined maxima of oxyhemoglobin at 
541 to 542 mu and 576 mu. The 1-hour curve indicates that a considerable 
change has occurred in the oxyhemoglobin molecule, for K at 576 mu decreased 
from 0.625 to 0.369, and the K value for the 541 mu maximum dropped from 
0.595 to 0.430. The absorption curve of the 3-hour sample shows a rather broad 
maximum in the 540 mu region, but the 576 maximum has disappeared. The 
24-hour absorption euiwe shows the complete disappearance of specific absorption 
maxima in the 540 to 576 region. 

Since it was apparent that the oxyhemoglobin was being converted to a 
pigment (or pigments) with different absorption characteristic.s, an attempt was 
made to detemine the nature of such substances. 

After the 0-hour sample had been used to obtain the data for the cuiwe on 
Pig. 1, it was treated with a few small erj'stals of K-Pe (CN)q^’ ^ to convert the 
hemoglobin to methemoglobin. The absoi’ption curve of this material is also 
.shown in Pig. 1. Since the absorption spectra of methemoglobin vary greatly 
with changes in hydrogen-ion concentration,* it is necessary to control the pH 
value. We believe that by converting the oxyhemoglobin in the 0-hour sample 
to methemoglobin, while other factors are held constant, it is then possible to 
use such a system for purposes of comparison. A comparison of the curve at 
I hour with the methemoglobin curve suggests that at this time there has been 
a conversion of most of the oxyhemoglobin to methemoglobin. This is suggested 
l)v the lowering of the 540 mu maximum, and by a still greater lowering of the 
576 mu maximum, to values approximating those of pure methemoglobin. 

Coleman Electric Co., Maywood, 111. 

fMaUinckrodt’s analytical reagent grade sodium carbonate was used throughout this worh- 
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Tlic absorption cnrvo of the pigments at 3 horn's, on the other hand, in- 
dicates that during this period another change has occurred. Tiic masimum at 
540 to 542 mu has l)ccn lowered below that of the known mcthcmoglo])in and has 
been shifted to tlic left to the 535 to 540 mu region. The flat curve of the 24- 
hour sample indicates tliat a pigment (or pigments) other than oxyljctnoglobin 
and inethcmoglobin is present: The shape of this curve is somewhat similar to 
that of hematin in sodium hydroxide.’* >’■ 

Assuming tluit the chief pigment in the solution at 3 liours was methemo- 
glohin, the presence in tins solution of small amounts of the pigment responsible 
for the low, flat absorption curve of the .sample at 24 hours may explain the 
difference hctwccii the curve of (he 3-hoiir .sample and (he methcrnoglcbin eiin'e. 



Fie. 1. — ^Absorption curves of pigments present in a solution of blood diluted 1 :200 
la 0.1 per cent sodium carbonate and maintain^ at 40* C, for the Indicated petiods of time. 
The ordinate, K, is defined as : IC =; -—=• ^ Cenco-Sheard spectrophotclometer 

With 1 cm. cells was used, the entrance slit was 1.0 mm. and the exit slit 2.5 mu. 

Heilmeyer’ and ilartini and Schuler® pointed out the swift spontaneous con- 
version of oxyhemoglobin to methemoglobin. The latter workers showed that 
irradiation, especially by short w’ave lengths, accelerated this convereion. Drab- 
kin and Austin^ found that blood diluted 1:100 in O.IN NH 4 OH showed some 
change upon standing at 25° C. but at a 1 :1000 dilution in this solvent, absorp- 
tion values at 540 mu decreased to one-half in 200 minutes. However, these 
authors showed that if 5 mm. phosphate at a pH of 7.4 was used as tlic solvent, 
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the oxylicmoglol)in remained (pitc constant as measured hy absorption values 
at 540, 560, and 575 mu. 

Prom our observations and llm.se oi‘ Dj-al)kin, it appeared that the liigh pH 
(10.5) of the carlmnate solvent, the increased temperature (40° C.), and the 
dilution of 1 :200 all contributed to the instability of the oxyhemoglobin solution. 

Since it is diflfieult to maintain a constant temperature bath at 25 to 28° C. 
throughout the year, we felt that adequate eontrol of pH might enhance the 
stability of the solutions being studied. Solutions of l)lood in distilled watei' 
may give a desirable pH value, but the low electrolyte concentration so obtained 
would favor the precipitation of globulins and thus cause a turbid solution. Pre- 
liminary experiments indicated that solutions of oxyhemoglobin between pH 
values of 6 and 8 were stalole. Since lower hydrogen-ion concentrations favor 
the fonnation of oxyhemoglobin, the pH level of S.O was chosen J'or further 
study. 

In order to have an adequate elcctrolyle concentration and, in addition, to 
have a known hydi-ogen-ion concentration, it was felt that a dilute buffer solu- 
tion was indicated. Such a buffer must, however, be dilute enough to permit 
the taking of red cells in a reasonable time. 

The buffer solution we have found most suitable is a mixture of 947 c.e. of 
M/15 Na,HPO, and 53 c.e. M/15 KILPO,.® This buffer can be used in two 
waj''s. We have for the past year lakcd 0.1 c.e. blood in 15 c.e. distilled water, 
and after hemolysis is complete (2 to 3 minutes at 25 to 30° C.) 5 c.c. of the 
buffer are added. Since this involves two solutions we attemjffed to find the 
minimal concentration of buffer that might bo incorporated in the laking fluid. 
It was found that a 1 -.20 dilution of the stock buffer permitted the use of 20 c.c. 
of this solution as the laking fluid. 

The recent commercial production of tablets for the preparation of buffers 
suggested the use of such material for the buffer solution. The Certified Buffer 
Tablets* for a pH of S.O are composed of sodium tetraborate and potassium acid 
phosphate. Instructions that accompanj- such tablets call for the dilution of the 
tablet in 100 c.c. of warm distilled water. Such a buffer solution does not permit 
cell hemolysis. However, if a 1 :20 dilution of the concentrated buffer solution 
is made, 20 c.e. of this dilute buffer may be used as the hemoglobin solvent. 

In Table II is shown the relative effectiveness of carbonate, dihited M/15 
buffer, and the diluted commercial tablets in maintaining the constancj^ of oxy- 
hemoglobin when the samples were kept at 40° C. for the indicated times. This 

T.\ble II. Hemoglobin Values Obtained by Diluting 0.1 c.c. Sajii-le-s ok a Blood Specimen 
With Three Solvents: (1) 0.1 Per. Cent Sodium Carbonate, (2) Diluted M/15 

Phosphate Buffer, and (3) Buffer Tablet in 2,000 c.c. H.O; Samples Kept 
AT 40° C. FOR the Indicated Pep.iods of Time 


TIME 

(MIN.) 

0.1 PER CENT 
CARBONATE 

DILUTED 

PHOSPHATE 

BUFFER 

diluted 

buffer 

tablet 

0 

12.9 

12.9 

12.9 

15 

12.6 

12.9 

12.9 

30 

12.5 

12.9 

12.9 

45 

12.1 

12.9 

12.9 

60 

11.8 

12.9 

12.9 


11.7 

12.9 

12.9 

. 90 

11.5 

12.9 

12.9 

105 

120 

270 

11.3 

11.1 

9.S 

12.9 

12.9 

12.9 

12.9 

12.9 

12.9 


'Supplied through the courtesy of the Coleman Electric Company, Maywood, III. 
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is merely a "roup ot‘ rciircsciitntivc data which ui'c comparable to many similnr 
experiments. 

Similar experiments where 0.1 c.e. blood was }ake<i irith e.e. ^vll^QV, f> e.e. 
of tlic jr/15 buffer subsoijncnlly beinp added, Rave re.su!t.s comparable to the 
dilute phosphate and tablet iuifVcr solutions listed in Tabic 11. 

CONCI.USIOXS 

1. Blood diluted 1 :-00 in 0.1 per cent carbonate, liaviii^ a pll of 10.5, is 
unstable at elevated Icmpcratui'es. Data arc presented wliieh indicate tliat the 
oxyhemofilobin is iirohalily converted first to iHctliciiio*jlobin and Inter to hcnintin 
derivative. 

2. If the pll of the solvent is lowered to approximately 8.0, tlie oxylicmo* 
globin solutions are stable over a prolonged period. 

Appreciation exprt•^‘•(•U to Emily Klanagan for her help in tJiia work. 
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the deter.^iination of the free ai\d total cholesterol 

OF PLASiHA WITH THE PHOTOELECTRIC COLORLHETER 

Delphike H. Clarke, M.D., and Ajiy F. i^Iarxey, B.S. 

Ne>v York, N. Y, 

I N UNDERTAKING a prolonged and iutcusivc study of chronic liver disease, 
it was desired to include among our tests of Hvor function tlic c.slimation of 
the free and total cholesterol of the plasma. Sperry’- • has domonsTrated that, 
when a reliable method of determination is employed, the ])crcentage or ratio of 
fi'ee to total chole-sterol i.s maintained at an almost con.stant value in the normal 
adult scrum or plasma mid that relatively slight variations from this value are 
indicative of some abnormality in cholesterol metabolism. Since tlic magnitude 
of the variation which is significant may fhei'cfoi'c he small, it i.s essential to em- 
ploy a technique which invariably yields uniform rc.suUs. Tlic method prc.sentod 
here has proved satisfnctoiy and reliable in our liands, and with liio present wide- 

From the Department of MetUcinc. Ntw Yoik l7nJvrr<iSty Collesc of MetUcinD. 

The research was aided by grants from the Milbanlc Memorial Foundation and the Nu- 
intion Foundation. 
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spread use of the photoelectric colorimeter, it was thought that other laboratories 
might find it equally useful. 

In 1934, Schoenheimer and Sperry^ published a method for the determina- 
tion of free and combined cholesterol which was based on an initial precipita- 
tion as the digitonide followed by the application of the familiar Liebermann- 
Burchard reaction to its colorimetric estimation. Their procedure gave more 
uniform resirlts than had heretofore been obtained. The method presented by 
us is essentially a modification of that of Schoenheimer and Sperry. Certain 
features which have been incorporated were suggested by Sperry in a later pub- 
lication'* and by Alber and Bryant.^ Data obtained from thirty-five normal 
advdts agree well with those obtained by Speriy.* In addition, a prolonged study 
of chronic liver disease has enabled us to gain evidence for the constancy of re- 
sults obtainable by this method when applied repeatedlj- to the same individual 
over a long period of time. 

METHOD 

The method is descriljed for the simultaneous determination of the choles- 
terol partition in two or more samples of plasma. 

Rca{jents . — 

1. Acetone-absolute alcohol (1:1) 

2. Acetone-ether (1:2) 

3. Ethyl ether (reagent grade) 

4. Glacial acetic acid 

5. 0.2 per cent digitonin in 50 per cent ethyl alcohol* 

6. 100 per cent KOH in distilled Avater 

7. 1 per cent phenolphthalein in 95 per cent ethyl alcohol 

8. 5 per cent HCl solution 

9. Acetic anlrydride (reagent grade!) 

10. Concentrated H2SO4 (reagent grade) 

Procedure . — 

Extraction of Plasma or Sc7'uni: For each 2 c.c. of plasma or senim, about 
40 c.c. of acetone-alcohol are placed in a 50 c.c. volumetric flask and the 
plasma or serum pipetted into this, drop by drop, with constant shaking. Addi- 
tional acetone-alcohol is added to just beloAV the calibration mark on each flask 
and extraction allowed to take place overnight at room temperature. These 
unfiltered extracts are qnite stable and may be kept for some days if necessary. 
After extraction, the flasks are made up to volume and the contents well mixed 
and filtered through lipid-free filter paper. Evapoi’ation is avoided by keeping 
the funnels covered and Avorking rapidly. 

Precipitation of Free Cholesterol: Ten cubic centimeters of each filtrate 
are pipetted into 30 c.c. conical centrifuge tirbes, 4 c.c. of the digitonin solution 
added to each, and the mixtore stirred Avell. The rods are left in the tubes Avhich 
are placed in one or more covered Mason jars, containing a layer of sand, and 
left overnight at room temperature. The rods are then removed to a numbered 
rack or nail after both rods and Avails of the tubes have been Avashed doAvn Avith 
acetone to free the precipitates. Care must be taken to return each rod to the 
correct tube in order to avoid the loss of any precipitate AAdiich may have adhered 
to it The tubes are then centrifuged for tAA'enty minutes at high speed, after 

^of£man-La Roche. Inc.. Nutley. X. J.. or Merck & Co., Inc., Rahway, N. J. 

AEastman Kodak Co., Rochester, N. T. 
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whicli the supernatant fluid is removed witli a fine capillary pipette and suc- 
tion. The stirring rods arc replaced in the tubes; rods and tube walls are washed 
doun with 2 to 4 c.c. of acetone-ether. After thorough stirring, the rods arc re- 
moved and washed down with a small amount of acetone-other. The tubes are 
centrifuged at high si>ced for ten minutes, the supernatant fiuid removed as 
before, and this washing repcale<l two more times, each time with plain ether. 
After the final washing, the tubes aiv placed in a water bath at 40® C. for a 
few minutes to dry, after which the rods are replaced. Tubes can be left at this 
stage for some days if Iccpl covei*ed in Hinson jai’s. 

Precipitation of Total Cholrstrrol : Five cubic centimeter aliquots of the 
original filtrates are pipetted into 30 c.c. conical eentrifuge tubes which arc 
either graduated or have been marked to contain 9 c.c. A fresh mixture of one 
part 100 per cent aqueous KOII and 1111*00 i>arls absolute alcohol is made up and 
to each tube arc added fifteen drops of this alcoholic KOII. The tubes arc well 
stirred and placed in ^Fason jars which contain a layer of sand and which have 
been licated previously to 40® C. The jars arc covered tightly and placed in an 
incubator at 37 to 40° C. for from three to four hours for saponification. Follow- 
ing this, the tubes are cooled and acotoiio-alcoliol is added to the 0 c.c. mark. This 
is best done with a dropper, washing down the sides of the tubes. One drop of 
phenolphthalein solution is added to each lube and titrations carried out ^vitb 
5 per cent HCl. To insure a slight excess of acid, one to two drops are added 
after the color change. Four cubic ocntimctoi*s of digitonin solution arc added to 
each, the mixtures well stirred, and the tubes placed in covered jars and allowed 
to stand overnight at room tompcmturc. From this point, centrifugation and 
washing arc carried out as for free cholesterol. 

Precipitation of Standard Cholesterol: In our e.xpcricnco, it has been found 
best to prepare a .standard cholesterol curve as follows: Standard cholesterol 
solutions containing 0.2, 0.4, and 0.6 mg. of cholesterol in 10 c.c. of acetone- 
alcohol arc carried through the detennination exactly as for free cholesterol. 
Initially, it was thought wise to do this witli each set of determinations, but 
as we gained experience with the mctliod, tliis was found to bo unnecessary. It 
is certainly to be recommended Avlicncvcr new reagents arc prepared or when 
other possible variables are introduced. 

Dcvclojment and Pcading of Color: TJic tubes are removed from the jars 
and the jam then placed in a constant temperature oven and heated to from 
100 to 110° C. The lubes are replaced in the iiot jars and left in the oven for 
one-half hour. The jars arc removed from the oven at the end of this time and 
the precipitates dissolved in glacial acetic acid as follows: 2 c.c. of the acid are 
added to each, being careful to wash down the walls of the tubes and the stirring 
rods. The precipitates arc stirred well into the solvent and the tubes re- 
placed in the hot sand in the jars for about one minute. Tlie tubes arc then 
placed in a water bath at about 60° C. until complete solution is effected. After 
solution of all of the precipitates, the tubes arc transferred to a water bath at 
25° C. "While temperature equilibration is being attained, a fresh mixture of 
acetic anhydride-sulfuric acid is made up in proportions of 40 volumes of acetic 
anhydride to 1 volume of concenti*ated sulfuric acid. A sufficient quantity is 
prepared to permit the addition of 8 c.c. to each tube. This reagent is stable for 
Jio longer than one hour at room temperature. To the first tube are added 8 c.c. 
of the acetic anhydride-sulfuric acid mixture, the contents well stirred, and the 
tube immediately placed in a water bath at 25° C. in the dark. The remaining 
tubes .^rc treated similarly, the time of the addition of reagent to tlic first tube 
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and the approximate interval between tubes l)eing noted. A reagent blank of 
2 c.c. of glacial acetic acid and 8 e.c. of acetic anhydride-sulfuric acid is pre- 
pared at the same time. At approximately twenty-five minutes after the addi- 
tion of reagent to the first tube, the contents of the tubes are transfeiTed to 
photoelectric colorimeter tubes, protecting the solutions at all times from ex- 
posure to light. Colorimeter readings are made on the tubes in the same sequence 
in which the final reagent was added and are begun thirty minutes after the 
addition of this reagent to the firat tube. After each has been read, readings are 
repeated in the same sequence until maximal color intensity has been obtained 
and the reading is stable. We emploj'' an Evelyn photoelectric colorimeter ivith 
a light filter having maximal transmission at 660 mu. 

Caleulaiion of Results: A standard cuiwe is prepared, as noted, from read- 
ings obtained on known cholesterol solutions run through the method as for free 
cholesterol. Color intensity (in units appropriate to the type of colorimeter em- 
ployed) is plotted against milligrams of cholesterol. That portion of the curve 
corresponding to a concentration of 0.2 to 0.6 mg. of cholesterol yields satisfac- 
tory results with the Bveljm colorimeter and the 660 light filter. The amount 
of cholesterol present in the aliquot of filti-ate used is then read off directly from 
this curve. 

RESULTS 

Accuracy . — To determine the completeness of recoverj- from pure choles- 
terol solutions by this method, standard solutions of cholesterol in acetone- 
alcohol were treated as for free cholesterol and the resultant readings referred 
to a curve obtained simultaneouslj’- from solutions of pure cholesterol dissolved 
in glacial acetic acid. In Table I are given the results of an experiment of this 
type. 

To cheek the accuracy of recovery of cholesterol added to plasma, a loiown 
quantity of cholesterol in acetone-alcohol was transferred to a 50 c.c. volumetric 
flask, additional acetone-alcohol added, and 2 c.c. of plasma pipetted into this 
solution. A separate aliquot of the same plasma Avas extracted without added 
cholesterol. The tAA'o extz’acts were carried thz'ough the method as described. In 
the experiments as performed, 1 mg. of cholesterol was added to the extraction 
flaslrs, which is equivalent to increasing the plasma values by 50 mg. per cent. 
Results so obtained with three different plasmas are given in Table II. 


Tabije I 


CHOLESTEROL DISSOLVED 

IN ACETONE- alcohol 
(MG.) 

CHOLESTEROL RECOVER?;!) 
(MG.) 

PER CENT RECOVERY 


0.200 

0.198 

99.0 


0.300 

0.291 

97.0 


0.400 

0.385 

96.0 


0.500 

0.483 

98.6 


0.600 

0.596 

99.3 




Table II 



PLASMA 
■ CHOLESTEROL 
(MG. %) 

PLASMA PLUS 50 
CAIaCULATED 
(MG. %) 

MG. % CHOLESTEROL 
DETERMINED 

(mg. %) 

PER CENT 
RECOVERY 

A. 

Free 67 

117 

117 

100.4 


Total 225 

275 

276 

100.4 

B. 

Free 67 

117 

115 

98.3 

Total 219 

269 

271 

100.7 

C. 

Free 34 

84 

So 

101.2 

Total 126 

175.5 

173 

98.6 


DUTKIIMIXATION* Ol’ Flnx AND TOTAL. CIIOI.IISTKKOI. 01’ 1‘LASMA CIO 

Plusma Chohsicrol Pardtiinix of Xormul A<hdis'. —In Talilo U1 arc recorded 
Iho values for the free, total, an<i Im* in total cholostorols obtained liy the 
apjdication of this metliod to the plasmas of Ihirty-five normal adult Iniman 
beings of both sexes, ranging in age fi’om IS to 63 years. Tliese values agree 
(juitc well with those reported by Siierry/ wlio reports a moan value lor free 
ill total cholesterol of 2G.9 jicr cent with a standard deviation of ± 1.4. 


TaRI.K III. PL.VSitA CUOCESTEKOl/ — XuKMAI. AUUl.TS 


SUBJECT 

FHEK 

cnoi.EsTKi;or 

(MO. 

TOTAf. 

cHOi.i:sTruoi, 

(Mn. 

rUEB IS' TOTAI. 

cnoi.KSTBnoi. 

(<rr> 

1 

79 

300 

2(5 

2 

31 

120 

26 

3 

73 

250 

29 

4 

30 

123 

24 

5 

40 

jfii 

26 

a 

84 

2SS 

29 

7 

4C 

1S8 

24 

S 

37 

167 

22 

n 

.■>9 

217 

27 

20 

3S 

150 

25 

21 

oU 

200 

27 

12 

41 

157 

26 

13 

09 

27(» 

2S 

14 

43 

192 

22 

ir> 

r.4 

200 

27 

m 

43 

1S7 

24 

IT 

OS 

263 

26 

18 

.71 

l.s:5 

28 

19 

31 

137 

23 

20 

7:5 

197 

27 

21 

40 

170 

27 

22 

49 

17-5 

28 

23 

47 

171 

26 

24 

56 

217 

20 

27, 

3(5 

107 

22 

2(1 

71 

262 

’’7 

27 

47 

175 

2G 

28 

(5(5 

2:i0 

29 

29 

46 

180 

20 

30 

7(5 

198 

28 

31 

37 

145 

20 

32 

38 

3(51 

24 

33 

77 

262 

29 

34 

61 

218 

28 

35 

70 

Ji>9 

26 


Mean. 26.1. 

Standard deflation, ± 1.9. 

Coefficient of vniiation, T 3 per cent. 


Consiancij of ihc ParHiion. — Finally, in Charts J and II evidence is pre- 
sented for the con.staucy with ivliich a given individual maintains the percentage 
of free in total cholesterol over an extended period of time regardless of tlie 
total cholesterol values. The subjects used for thi& experiment were patients 
with cirrhosis of the liver on the wards of the Third (New York Uiiiver.sity) 
Medical Division of Bellevue Ho.spital, Cliart I is compiled from figures ob- 
tained from a patient who, over a period of twenty -six moiitlis, lias shoira some 
clinical response to the treatment of cirrhosis, but none of whose laboratorj’ 
data gives evidence of significant impwvement in liver function. This patient 
»dght be said to be maintained in an approximately stationaiy condition, and 
it should be noted that all of the values for tree in total cholesterol are ab- 
normal. Chart 11 represents data from a patient ivho responded well to the 
treatment of cirrhosis both clinically and as 3 udged by laboratoi'y data. In this 
case the figures obtained after the second mouth of observation show’ a normal 
pei'centage of free in total cholesterol. 
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The results show clearly that although there maj'^ he considerable variation 
in total cholesterol, the percentage of free in total can he maintained within a 
remarkably narrow range, the level of which appears to correlate well with the 
chmeal status of the patient suffering from cirrhosis of the liver. 

CHAR:r r - p.G. 






2 4 6 8 10 la 14 16 16 20 

M O NTHS 

DISCUSSION 

Since tliis method is presented as a modification of . that of Sehoenheimer 
and Sperry, discussion will, in the main, he limited to a consideration of the 
differences between our technique and the original. 
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Hcagcnts. — The use of a 0*2 j>er cent di^Uonin sohUion in 50 per cent 
ctliyl alcoiiol, as su^^osted by Alber and Bryant/ lins proved siitisfaelory and is 
nineh simpler 1o prepare tlian the atpM'ous i*ca«;cnt of Sehocnhelincr and Sperry, 
since the di^itoniu dissolves fairly readily \n the aleoliol medium. '* 

Shai)iro, lierner, and Posen" pri»posod tlic use of a fresh mixture of acetic 
anhydride and sulfuric acid instead of the separate addition of the two reagents. 
This departure leads to groaier niiiforniity of rc.sulls since it avoids the xm- 
dc.sirahlo evolution of heat in the presence of cholesterol, wliero tcmpc’‘^‘duvc 
control is important and also ehminalcs the difiienUics inherent in the accurate 
measurement of a small volume of the acid. Sperry and Brand* has apparently 
come to the same eonehtsioii, 

Amounis Kmphittd. — The volumes of plasma, extract.s, and reagents given 
in our method arc dependent upon the sensitivity of the photoclcetrie eolorimelcr 
employed and ujion the tinal volume neiM‘ssary with tiiis eoloi’imetcr. Thc.se 
can undouhtc<lly be modified according to the instrument to be used. 

Exiraefion of Plasma , — We have found it unnecessary to use heat iu the ex- 
traction of plasma if the plasma-acelone-aleohol mixture is allowed to stand 
overniglit at room temperature. 

Total Cliohstiroi — The time periods for saponification and for precipita- 
tion of total cholesterol arc (smsiderably longer than tliose eii)))loyed by Schoen- 
heiinor and Sperry. We have not investigated the possibility of shortening 
either, since these fit in well with the schedule for the entire determiuntion and 
since completion of ))oth processes is tints ensured. 

Rcadiiifj of Color. — It should he noted tliat. according to our mctliod, re- 
peated readings of an entire series arc taken until the readings become maximal 
and stable. Wo liave been \inab!c to find a .single time interval which will give 
uniform results. One explanation for this is that tiic time rc<iuired for maximal 
color development, uiuh’r oui* conditions, varies with the amount of cliolosterol 
present. Also, since it is well c.stahlished that temperature has a marked effect 
upon the rate of color development, it is prol)ablc that slight uncontrolled day-to- 
day variations in tlii.s factor liavc infiucnccd our rc.sults dc.spito efforts at control. 
However, repeated readings, even of a large .serie.s, arc easily taken and the 
results so obtained witli standard solutions yield values of a gratifying comstancy, 
so that we feci this to be a satisfactory point of departure. 

Standard Cnrvc. — Our standard curve is prepared from cholesterol pre- 
cipitated as tlic digitonidc prior to color development. In our experience, the 
valuo.s obtained from such a curve arc subject to much Ic.ss A’ai-intiou than those 
ol>tained from free cholesterol dissolved directly in glacial acetic acid. In fact, 
after familiarity witli tlic method is gained, it is found that the digitonidc 
curve is capable of <jiutc accurate day-to-day i-c<luplication. 

.SUMMABY 

1. The details arc given of a modification of the Schoenheimer-Sperry 
method for the determination of free and total cholesterol in plasma or serum. 

2. The results of the analyses of thirty-five normal human plasmas by this 
method arc presented. 

3. The coustauey at which an individual can maintain the percentage of 
free to total cholesterol in his plasma is demonstrated by two extended studies on 
patients ^ntli cirrhosis of the liver. 
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4. The major points of departure of this method from tlie original are dis- 
cussed. 

We wisli to express our indebtedness to Pr. Giiarles Hoagland, of the Rockefeller Insti- 
tute for Aleclieal Research, for the use of some of tlie normal figures obtained by him ■with 
OUT method. 
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SIMPLIFICATION OF U. S. P. XII iMICROBIOLOGICAL 
VITAMIN ASSAYS 

WiLLiAji F. Ellis, Ph.I)., Joseph Merriox, lil.S., 

Anne N.vgler, B.S., and Marion Bkoojie 
Philadei.phia, Pa. 

T he methods for the microbiologic nssays of nicotinic acid and riboflavin, out- 
lined in the first bound supplement of tlie U. S. P. XJI, follow procedures 
■widely disseminated in the literature. 

Slueh of the basic work was done by Snell and Strong^ in assaying ribo- 
flavin, Snell and Wright^ in determining nicotinic acid, and Landy and Dicken^ 
in devising a method for the assaj' of six B vitamins. 

The above procedures, as well as those of the U. .S. P. XII, " ai’e based on 
the pi’oduetion, by the test microorganism, of acids in serie.s of tubes of basal 
media containing varying amounts of unknown samples. Acidities are de- 
termined by titration with 0.1 N alkali, and potencies are derived by plotting 
against a standard cuiwe constructed from acidities obtained from dilutions of 
the standard vitamin in the basal medium. The detailed methods of assay 
for nicotinic acid and riboflavin, used throughout the following experiments, 
are verj" competently described in the first bound supplement of the U. S. P. XII. 
The only deviation in our procedure in the nicotinic acid assaj' was to employ 
thirteen tubes in each standard series and eight tubes in each unknown series 
as contrasted to tlie U. S. P. XII requirement of eleven and four in the respec- 
tive series of known and unknoum. 

Titrations may be made colorimetrically with bromthymol blue as the 
indicator or electrometrically irith a glass electrode. The latter method, using 
a Beclonan Lahoratoiy Jilodel G potentiometer with a system outlined by Me- 
Quan-ie and IConcn,= in which glass electrodes and Inirettcs are in an ingenious 
arrangement, is to be preferred and is used routinely in this lahoratoiy. 

From The Wyeth Institute of Applied Biochen^istry, 

Beceived for publication, Feb. 5, 1945. ^ 
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Pcclci’sou nnd point out that many raelors atTcct the relationship 

of titratablc acidity and the final hydrogen-ion eonrcntratinn in the growth of 
lactic acid bacteria. The bnfl’er content oC the nicdiuni and the proportional 
amounts of acids, especially lactic and acetic acids, that are produced during 
groulh arc most important. Tlic vaning amounts of lactic and acetic acids 
elaborated ai-c csi)ecially dependent on the type of sugar incorporated in the 
medium and on the particular species of lactic acid bacteria used as the test 
organism. It is also noteworthy that when lactic acid is the primary acid a 
higher hydrogen-ion concentration results than when acetic acid is produced 
in quantity. 

Tlie obseiwalions of Podei*son and Bagg are most imjiortant in the selec- 
tion of a medium and of a test organism hut, once that is nccomplislicd. the neces- 
sity for titration in tlic vitamin assays is .superfluous. Since tlic control standard 
is identical- to the unlcnown sample, with the cxeoiition of the concentration of 
the vitamin being tested, the relationship between titratablc acidity and hydro- 
gen-ion concentration, under the conditions of test, should he constant. Conse- 
quently, substitution of a curve of pll values for titration values should sulTice. 

To verify this contention, data from sixty-eight nicotinic acid and twenty- 
four riboflavin determinations have been accumulated in which all samples 
were set up as in the U. S. P. XII incthod.s, and potency determinations were 
made by plotting both pll and titration values. 

The samples assayed included 0. T. nicotinamide, C. T. nicotinic acid, solu- 
tions of nicotinic acid and rilmflavin, yeast extracts. PIchc.x elixir, and Plchox 
tablets. 

Nicotinic Acid — The data in Table I arc examples of results tliat have been 
obtained in the as.say of nicotinic acid. 


Tatii.e I 


NICOTINIC ACID 
SAMPLE 

NtTMnEPv 

(A) 

o. s. r. xir 

ACID TITRA- 
TION METHOD 

(n) 

pn 

METHOD 

PER CENT 
DEVl.^TION or 
(B) FROM (A) 

d. T. nicotinamide 

435304 

57.8 mg. 

57.1 

mg. 

-1.2 

C. T. nicotinic acid 

441324 

27.75 mg. 

20.5 

mg. 

-4.4 

Nicotinic acid famnulet^ 

1340237 

2,140 mg. 

2,160 

mg. 

■tO.9 

St east extract dried 

91313 

3,920 mg. 

3,920 

mg. 

0 

Plebex elixir 

440039 

435 rog. 

430 

mg. 

-1.0 

Plebex tablets 

441857 

1,040 mg. 

1,040 

mg. 

0 

Of 08 nicotinic assays 






39 assays average 





-2.8 

29 assays average 





-1-2.0 


Table II. Titration and rH Value.s for Nicotinic Acid Standard 


TUBE 

NICOTINIC 

ACID 

MO 

P7I* 



ML. 0.1 N 
ACIDf 


A 

B 

A 


B 

1 

0.00 

.‘5,59 

5.00 

0.91 


1.07 

2 

0.05 

5.12 

5.13 

2,44 


2.34 

3 

0.10 

4.S9 

4.85 

3.50 


.3.00 

4 

0.15 

4.71 

4.71 

4.78 


4.78 

5 

0,20 

4.59 

4.50 

5.74 


5.G9 

G 

0.25 

4.51 

4.45 

G.15 


G.51 

7 

0.30 

4.43 

4.43 

0.97 


0.97 

8 

0.35 

4.39 

4.35 

7.47 


7.42 

9 

0.40 

4.31 

4.32 

8.09 


7.08 

10 

0.45 

4.29 

4.26 

8.39 


8.44 

11 

0,50 

4.28 

4.23 

8.85 


8.80 

12 

o.oot 

O.GO 

G.06 

- 



1.3 

o.oot 

O.GG 

6.07 



- 


•See Fie. 1. 
tSee Fig. 2. 
JUnlnoculatecl blanks. 
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lu Table II are included the pH values and acid volumes pi oduced by 
standard nicotinic acid. These data are plotted in the corresponding Figs. 1 
facilitate accurate plotting and reading, the cun'es ivere dravm on 
Keuffel and Esser graph paper, No. 358-14. Pigs. 1 and 2 were employed in the 
computation in Talile III of the nicotinic acid content of Plebex tablets No. 
441857, which were coated tablets containing Anheuser-Busch yeast extract 
powder with added thiamine HCI and riboflavin. 



Pig. 1. — standard nicotinic acid curve plotting pH values of cultures. 



Fig. 2, — Standard nicotine acid cur\'e plotting titratabie acid of cultures. 


Thirteen of the sixty-eight nicotinic acid assays were also cheeked by a 
turhidimetric method. Additional series were set np following U. S. P. XII 
procedure but, instead of titrating, the turbidity of each was determined witli a 
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Table III. Computation of KiroTisir A<*ii> Content of ri.FuKX Taiuet No. iilSo7 

BY PlI ANB AriO TITR.AT10N JIkTIIOBS 


TUBE 

>IL. 

miATTEn 

SAMPLE* 

Jill 

^0. PEP. 
CULTUREt 

MO PER MI.. 
nn.UTED 
K,\Mri.E 

ML. 0.1 N 
ACID 

MO PER 
<-Vn.TURV,t 

tr. PER SIL. 

HI LUTED 
SAMPLE 

A 

n 

A 

B 

A 

n 

A 

K 

A 

B 

A 

B 


1.0 

4.80 

4.88 

.mill 

.008 

.000 

.008 

;:.5o 

3.00 

,008 

KEa 

.028 

.102 

2 

1.5 

4.71 

4.00 

• loO 

.157 

.100 

■irna 

4.03 

4.83 

.143 

.153 

.005 

.102 

3 

2.0 



.228 

.228 

.lU 

.114 

5.14 

5.34 

.170 

.182 

— 

— 

4 

2.5 

4.48 

4.43 

.240 

.278 

.100 

.111 

0,30 

O.GO 

.25.3 

.27/ 

.100 

.Ill 

5 

.3.0 

4.41 

4.41 

.307 

..307 

.102 

.102 

7.17 

7.17 



.107 

■IHM 

(3 

3.5 

4..31J 

4.35 

.:o*n 

.377 

.10.3 

.108 

7.03 

7.03 

.370 

.370 

.100 

.100 

7 

4.0 

4.,31 

4.32 

.400 

.400 

.100 

.100 

7.78 

7.73 

.380 

,382 

.007 

■IHIf 

S 

5.0 

4.24 

-« 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 






Mx 

.102 

.100 



Mx 

.100 

.107 






Mx A 

& B 

.104 



Mx A & B 

.104 


.104 X 10,000 (dHution fnctor) =: 1.040 *401 x 10,000 (dilution factor) = 1,040 

•Dilution of K.imolc J-10.000. 
tData from Fig. 1. 

JData from Fig. 2. 

SOIt curve. 

Klett-Summci'son colorimeter. Seven assays showed an average deviation of 
-3.4 per cent from tJic U. S. P. XII assay, wliile .six sliowcd an average deviation 
of +3.4 per cent. Turbidinietric as.say data have not been included because of 
the obvious advantages of the pII method. 

Rihoflavin . — Of liventy-four a.ssays for riboflavin, determined by botli 
U. S. P. XII and pH methods, six pH a.ssays averaged a -O.G per cent deviation 


Table IV. Titjiation and pII Values for niBorr-wiN Stand-yrd 


TUBE 

RIBOFLAVIN 

(*‘0) 

1 i>'>’ 

ML. 

0.1 N AflDt 

i A 1 

u 1 


1 K 

1 

0.00 

5.y(i 

0.03 

0.82 

0.40 

2 

0.05 

5.13 

5.13 

2.28 

2.34 

3 

0.10 

4,82 

4.82 

3.87 

3.93 

4 

0.15 

4.59 

4.50 

5.39 

5.54 

S 

0,20 

4.40 

4.3S 

0.71 

7.07 

0 

0.25 

4.20 

4.19 

8.09 

8.C9 

7 

0.30 

4.12 

4.12 

9.25 

9.30 

8 

0.50 

4.03 

4.0,3 

- 

- 

0 

ooot 

G.62 

0.03 

- 

- 

10 

o.oot 

0.03 

0.07 


- 


•See Fig. 3. 
tSee Fig. 4. 
tUnInocuIatcd blanks. 


Table V. Computation of Eiboflavjn Content of Plebex Tablet No. 441857 
BY pH and Acid Titration Methods 


TUBE 1 

ML, 

DILUTED 

SAMPLE* 

pII 

;»G. PER 
CULTOREf 

MQ PER ML. 
DILUTED 
RAAIPLE 

ML. 0.1 N 
ACID 

1 

MQ PER j 
CULTUREt j 

mQ per ml. 

DILUTED 

SAMPLE 


A 1 B 

A I B 

A 1 B 

A 1 B 1 

A j B i 

A ( C 


1 

0.5 

5,11 

5.10 

.053 

.054 

.100 

.108 

2.39 

2.44 

.052 

.053 

.104 

.106 

2 

1.0 

4.80 

4.80 

.104 

.104 

.104 

.104 

3.87 

3.92 

.099 

.100 

.099 

.100 

3 

1.5 

4.51 

4.01 

.107 

.143 

.101 

.095 

5.79 

5.04 

.102 

.137 

.108 

.091 

4 

2.0 

4..32 

4.40 

.218 

.190 

.109 

.09,8 

7.43 

0.82 

.215 

.197 

.108 

.099 


2.5 

3.0 

3.5 

4.0 

4.21 

_$ 

4.17 

.240 

.200 

— 

. — 

8.44 

9.15 

.244 

— 

— 

~ 

7 

8 

- 

- 

- 

- 



— 



— 

- 


z 






Mx 

.105 

.101 




iix 

,105 

.099 






Mx A & B 

.103 




Mx A & B 

.102 


•103 X 1500 (dilution factor) =. 255 Mg x 1500 (dilution factor) = 153 Ag 

•Dilution of Sample 1>15D0. 
tData from Fig. 3. 
fData from Fig. 4. 
toil curve. 

















Er.tAg, AIERKION, KAfiLER, AND BROOME 

from the L'. S. P. XIT while eighteen pH assays averaged a h 3.5 per cent devia- 
tion from tile U. S. P. XII results. 

In Table IV are listed the pH values and acid volumes produced by stand- 
ard riboflavin. The corresponding Figs. 3 and 4 were used in the Computation 
in Table V of the riboflavin content of Plebe.x tablets. No. 441857. 




Fig’. 4. — Standard riboflavin curv'e plotting titratable acid of cultures. 

As with the nicotinic acid determinations, a small number of U. S. P. XII 
assavs were checked vein,* closely by turbidimetric methods. 

Since the actual setup and calculations for all three methods are the 
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same, any saviiij^ in time occurs in (he rcadinjr of tlic results. The followinp: 
comparison shows tlio suiK'riority of the pll method: 


METiinn 


Turhidimctrio 

pH 


TIMK nEQt’IUKD KOI: i:FAniKG 

4.*) to 55 niinutcii for tlio iluplicntc standard 
.*50 to .15 minutes for cnrli duplicate unknown 
25 to 50 minutes for the duplicate standard 
15 minute** for each duplicate unknown 
15 to 20 minutes for duplicate standard 
10 minutes for cacli duplicate unknown 


An obviously additional advaiKajre to the 1 >JI method, of course, lies in a 
minimum of maniinilation with, coiisetjucntly, stimllcr cxj)cctcd error. 


CONCLUSIONS 

1. It is possible to obtain comparable results in the U. S. P. XII micro- 
biologic vitamin assays by the siibslilulion of pll values for titration values 
in the construction of Ibc curve for potency determination. 

2. Sneb a procedure lias the advantage of rctpiiring less time and manipula- 
tion in inierobiologic vitnmiti assays. 
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AN OPTICAL FLUORESCENCE COMPARATOR 

Kurt Lanoe, M.D., New York, N. Y., Cojiaiander IIieton J. Matzner, 
Medical Corps, Cnited States Naval Reserve, and 
Semyon E. Kkewer, New York, N. Y. 

T he use ol' iitalniiic as the principal drug in tlie treatment of malaria made 
it highly desirable tliat simple methods be found to detcimine the blood 
level of this drug in large scries of patients. The efficiency of the treatment 
depends essentially on the quick cstabli-sliment of a satisfactory blood level, 
and the control of -suppressive treatment is only possible if blood levels can be 
taken at random in fonvard field hospitals. 

The rapid and simple inetiiod for the differential diagnosis of bacterial 
meningitis, as it was recently described by one of us,’ based upon tlie estima- 
tion of tlie fluorescein content of the spinal iluid, also requires a simple in- 
e.Ypensive instrument to approximate the fluorescence of the specimens. Many 

Aided by a grant fiom the John and Mar>' R. Markic Foundation. 

., From the New York Medical College. Flower and Fifth Avenue Hospitals, and the 
Metropolitan Hospital (Research Unit). 
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tests in clinical vitamin cliemistry eoulcl he made available to smaller labora- 
tories by tlje use of such an instrument In addition, the examination of speci- 
mens for their atabrine content can hardly be carried out with a sensitive photo- 
electric instrument in forward field hospitals in tropical climates since these in- 
stilments are not able to stand extreme changes in temperatiii’c and humidity as 
well as violent fluclnations of line voltage. The same holds true for the Derrao- 
fluorometer,= which permits the estimation of atabrine levels in the skin, but 
which is also sensitive to extreme climatic elianges. It seemed desirable, there- 
fore, to design an instrument which would obviate the disadvantages of a photo- 
electric fluorescence meter ivithout sacrificing too much accuracy. 

The instrument described* permits the estimation of fluorescence by visually 
comparing the fluorescence of the unknowns with that of a series of fluorescent 
solutions of known concentration (standards). The optical fluorescence com- 
parator then serves to indicate the place which the unlcnown takes in a series 
of these standards. 



Hour 

SOUBCt 


1. — Schematic setup of the optica! fluorescence comparator. 

The light from an incandescent or mercury vapor lamp is collimated by a 
lens, is deflected by a mirror, and passes vertically through three flat-bottom 
rials of 5 c.c. content (Fig. 1). The fluorescence thus incited in the liquid is ob- 
served horizontally from the front. TIic optical design is such that the light 
beam is absolutely parallel and slays so when passing through the solutions in 
the vials which have ground bottoms. As a result of tliis, blanks appear per- 
fectly black when viewed through the ejmpiece. 

A split-field optieal-vieuing system provides three fields of equal size, di- 
rectly adjacent to each other (Fig. 2) . The three vials brought together into the 
tifple fields are viewed tlu’ough an adjustable magnifying eyepiece. Primaiy 
and secondary filters can be introduced between light source and sample and 
sample and eyepiece, respectively. The device is constructed in a way that it 

■“ developed in cooperation with the Photovolt Corporation. New York, N. Y. 


OrTICAI, VfA OBKSCEN'CE COMI'AliATOU 


can bo used willi incandescent or a mcrcuin- A-apor biilli, depending on Avlint 
range of wave length of exciting light is desired. I'sing the incandoseont hull) 
and a ))riraar.v filter of Porning ghi>« No. 5113 and a secondarj- filter of Corning 
gla.ss No. 3480, 0.1 gamma i>er cent of atabrinc extracted by the method of 

UNKNOWN 

STANDARD I STANDARD 



-Appearance of the throe aaniples through the eyepiece. 




X i''’ 'iV- , •» 


m 



- ' ^ 



Fig, 3. — The optical fluorescence comparator. 


I'Snge and Matzner can still be clearly recognized. It is possible that thi.s 
sonsitiAity for atabrine can still further be improved by trsing substances that 
®hnnee the fluorescence, as described b 3 - Brodie and Udenfriend* and Auer- 
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bach and Eckert/ While the aceui'acy in determinations Avith a pliotoeleclric 
fluorescence meter is obviouslj" higher, the lowest detectable amount of a snl)- 
stance seems to be better AAuth llie fluorescence comparator, using the human 
eye as a registering element. 

The operation of the instrument is simple and can be carried out 1)3' a per- 
son with little experience and irrespccthm of climate and A'ariations in line 
voltage. The fluorescent standai'ds of knoAvn concentration are poured into 
Auals containing 5 c.c. each, and these are inserted in the order of increasing 
concentration into the sliding rack so that a space is left open between each 
tAVo. The vial Avith the unknoAAm is inserted into the space betAveen tAAm stand- 
ards, and the three vials are then vicAA’cd, the tAvo standards occupying the out- 
side fields and the unknoAAUi the center field. If the brightness of the unknown is 
found not to be equal to one of the .standards, or to be of intennediate fluores- 
cence, the rack containing the standards is shifted and the unknoAvn inserted 
into the next gap. This step is repeated until it is found that the unltnoAvn is 
either equal to one of the standards or is betAveen tAA'o. 

In order to lengthen the life of tJie exciting lamp, a poAverful l)IoAver cools 
the bulb. Both are turned on onl}* during the time of actual measurements by 
pressing a push button. Three adjustable apertures are .provided under the 
Auals to equalize the brightness of the field. This adjustment may only be neces- 
sary Avhen the bulb is exchanged. Three vials are filled with the same fluores- 
cent liquid and the knobs (Pig. 3) controlling the apertures are moved until 
the brightness is even. Once the three fields are equalized in this manner, re- 
adjustment Avill not be neeessaiy, except after installing a new lamp. 


SUMMARY 

A visual fluorescence eompai'ator is described Avhich permits exact de- 
terminations of fluorescence of biologic materials as atabrine extracts or 
fluorescein plasma and spinal fluid sanaples. The device operates under all 
climatic conditions and is independent of fluctuations in line Amltage. 
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A ^IRTirOT) FOR DRTERMINING THE COAOUEATION TIME 
USING CAPILUARY BLOOD 


T. K. Knusi:. Pir.D., and Campuklij ^losns, ^I.D. 

Pittsburgh, Pa. 

S EVERAL years ago one of us (T. K.) developed a luclliod for determining 
the coagulation time using oa])illary blood. The current emphasis on changes 
in the coagulation time following the administration of heparin''^ prompts us 
to piil)rish the method at this time inasiuneh as the frequent venciiunetures neces- 
sary to follow the effect of heparin by the standard Lee-White method complicate 
the use of this anticoagulant. The inaccuracy of the commonly used capillary 
tube method^’ * because of tlie variable end point and inadequate temperature 
control is generally recognized. 

MKTIIOD 

Thick-wallcd capillary tubes (40 by 5 mm.) with a 1 mm. bore and ground 
to a tapered point arc fitted at one end with a short length of rubber tubing 
sealed with a glass plug (Fig. 1, A). After preliminary cleansing with alcohol, 



Fig. 1 . — Aj Capillary tube 40 by 5 mm. witli a 1 mm. bore atted with rubber tubing and 
flw f Plug as used in this metliod. JB, Large empty beaker with an inner smaller beaker and 
nuea with a lid containing holes for six small, flared test tubes and a thermometer. Cork in- 
sulation is used to separate the inner and outer beakers. Cutler sedimentation tubes liave 
proved S atisfactory for the inner air jacket tubes 

,. ,,From the Department ot Physiology and Pharmacology of the School of Medicine of 
ine University of Pittsburgh 
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tlie paimai- surface of the distal phalanx is punctured, with the point of a No. 11 
sealpel blade. This blade produces a free-flowing drop with a minimum of 
trauma and therefore little tissue fluid admixture. Squeezing the finger to 
obtain a drop of blood must be avoided because a decrease in the coaguJation 
time from thirty seconds to one minute may be induced. A 1 cm. column of 
blood is drawn up to the midportion of the capillary tube by compressing and 
releasing the rubber tubing and partially removing the glass plug. Two 
samples are quickly taken from the same wound and placed immediately in a 
water bath at 25° C. At one-half minute intervals (or oftener as one ap- 
proaches the coagulation time) the column of blood is displaced a short dis- 
tance by compressing the rubber tubing. The end point is taken as that time 
when the column of blood cannot be displaced without leaving a definite stain 
on the glass Avail. The aA'erage of the samples is taken as the coagulation time. 

Two details must he observed if duplicate results are to be obtained: (1). 
the tubes must be uniformly clean and dry; (2) the temperature must be care- 
fully controlled. To preAmnt the coagulated blood in the tubes from drying, 
immediately after using, they are placed in hydrogen peroxide in the vertical 
position. To clean the tubes thoroughly they are rinsed in forcefully running 
water, placed overnight in sulfui'ie acid-chromate cleaning solutioji, rinsed 
thoroughly, and air dried. If cA'en soft Avire is used to remoAm clot from the 
lumen of the tube it should be carefully done to avoid scratching the glass. 
To keep the temperature of the tubes at 25° C., a large empty beaker Avith an 
inner smaller beaker filled Avith Avater at 25° C. and fitted Avith a lid contain- 
ing holes for six small test tubes and a thermometer has proved satisfactory 
(Pig. 1, jS). Temperature control is necessary as a change from 20 to 28° C. may 
alter the coagulation time as much as 1.5 minutes. It is adA'isable to have the 
coagulation tubes stand in the Avater bath for from ten to fifteen minutes 
before using. The thick-Avalled glass permits the relatively small volume of 
blood to take on the temperature of the glass. A temperature of 25° C. has 


Tabue I. Successive Coagulation, Times Using the Capillary Tube Method Described* 


SUB- 

JECT 


TEST 

r ■■ 

• 

TEST 2 

SUB- 

JECT 

TEST 1 


TEST 2 


tube 1 

TUBE 2'; 


tube 2 

TUBE 1 

TUBE 2 

TUBE 1 

TUBE 3 

MIK. 

1 SEC. 

UlN; 

j'SEc: 

iim. 

j SEC. 


j SEC. 

MIN' 

[ SEC. 

MlN 

1 SEC. 

MIN. i SBC. 

MIN 

1 SEC 

1 

2 

as 

2 

15 

2 

35 

2 

20 

26 

3 

00 

3 

00 

3 

15 

3 

45 

2 

2 


2 

30 

2 

30 

2 

45 

27 

4 

15 

4 

15 

4 


4 

15 

3 

3 

30 

3 

25 

3 

15 

3 

30 

28 

5 

00 

4 

.80 

5 


4 

45 

i 

3 

45 

4 


4 

nn| 

3 

MM 

29 

4 

15 

4 

30 

4 


4 

15 

5 

4 


4 


4 

15 

4 

45 

30 

4 

00 

4 

10 

4 


4 

15 

6 

4 

30 

4 

15 

4 

15 

4 

15 

31 

3 

30 

3 

45 

4 


3 

so 

7 

4 

■n 

4 


4 


4 

30 

32 

4 

00 

4 

00 

4 

15 

4 

30 

S 

4 

25 

4 

15 

4 


4 

30 

33 

5 

00 
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been clioscu because it approximates rooiii temperature and can tberoforc i)C 
readily maintained. 

lU^^ULTS 

In Table I arc given the results of tests performed on fifty normal individ- 
uals. Kach lest was done in duplicate and was immediately repeated. Note 
that with one exception (Subject 44) the greatest variation in the coagulation 
time of consecutive samples from any one individual was thirty seconds or 
less. The shortest coagulation time in this series was two minutes, fifteen 
seconds, and the longest five miuutc.s, thirty second.s at 25° C. Hecause of the 
reproducibility of the method, it is felt that these variations represent true 
differences in the coagulation time of these normal people. Both the median 
and the average of the coagulation time in this series wore clo.se to four min- 
utes. In Table II are compared the results obtained by this method with the 
.standard Lcc-AVliitc venepuncture procedure. The Lee-AVhitc method records 
the time necessary for relatively complete clotting to occur, whereas this 
method, because of the delicacy of the end point, indicates the time ncee.ssary 
for the initiation of coagulation. This undoubtedly e.xplains the difference in 
normal coagulation times between the Tjoe-White and this method. In our ex- 
perience the prolonged coagulation times observed after the administration of 
heparin also may be readily obtained by this method. 


Table II. CoMp4\niso.N' or the Capilum:y Tube Mmion Witu the Lee-White PnocEnuEK* 
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•Tubes 1 aiul 2 In the Lce-Whlte column lnclu(le«i only for .oomploleness, column 3 
beftiff the coagulation time as indicated by that method As noted In the. text, thl'i capUlarj' 
tube method Indicates the lnlti.ation of coagulation, whereas the Le6-*WlUtc method indicates 
relatively complete coagulation. 


SUMMARY 

A simple method of detennining the coagulation time using capillary blood 
is presented; normal values with this method ranged from tw’o minutes, fifteen 
seconds to five minutes, thirty seconds at 25° C. with a variation in duplicate 
tests of thirty seconds or less. Both the median and the average coagulation 
time in this series were very close to four minutes. 
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A SIMPLE PROCEDURE FOR DETERMINING THE APPROXBIATE 
CONCENTRATION OP PEPSIN IN GASTRIC CONTENTS 

ISR.vEL S. Kleiner, Ph.D. 

New York, N. Y. 

T he method to lie described is a simplification of the procedure described by 
Barowsk}', Tauber, and Kleinerd The same basic principle is utilized, 
namely, the milk-clotting action of gastidc fluid at pH 5.0. There is no rennin 
in human gastric juice; at any rate, not in that of the adult.^ Therefore, a 
measure of the milk-clotting power is a measure of peptic activity. 

The difference between tlie procedure mentioned and the present one is 
that in the former the greatest dilution of gastidc juice which produces a clot 
is determined, while in this modification tlie length of time required for a single 
tube to clot is ascertained. The other, and more accurate procedure, requires 
the preparation of ten or more dilutions. The objection to this is the time con- 
sumed in preparing these dilution.s, particularly if great aceurac}' is not re- 
quired. Only one dilution and one portion of buffered milk are used in the 
simplified method. The length of time required for clotting in this single test 
varies inversely with the amount of pepsin present (Table I). 

Table I. Interpretation or Results 


CLOTTINO TISIE 
(MIN.) 


TENTATIVE 
COMPARISON 
VnTH NORMAL 


APPROXIJIATE 
NUMBER or 
UNITS/C.C. 
GASTRIC JUICE 


Less than 3 Very high Over 2,500 

3 to 4 Moderately high 2,001-2,500 

4 to 10 Usual normal 1,001-2,000 

10 to 15 Low 501-1,000 

Over 15 None to trace 0-500 


SUGGESTED 
METHOD OF 
REPORTING 


-1 -t -1 -1 
■ 1-1 + 

+ •1 
-1 

0 or trace 


/Solutions Required . — 

A. Buffer. Dissolve 42 Gm. of NaOH in about 500 c.c. distilled water; add 
115 c.c. SO per cent acetic acid; dilute to 1,000 c.c. This keeps well. 

B. Fresh cow’s milk. 

Equal volumes of A and B are mixed well; 10 c.c. are needed for eacli 

test. 


Procedure . — 

1. "Centrifuge or filter gastric contents, if necessary. 

2. Test reaction with Congo red paper. 

3. (a) If acid, dilute 1 c.c. to 50 c.c. with water. Mix well. 

(li) If not acid, dilute a small quantity accurately with an equal vol- 
ume of 0.1 N HCl; mix well and then dilute 1 c.c. to 25 c.c. with 
water. Mix again. 

4. Place a test tube containing 10 c.c. of buffered milk in water at 20 C. 
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5. Add 1 c.c. of the diluted gastric fluid to the test tube of milk, mix 
quickly, replace in tlic water bath, and note the time. 

6. Note the time when the milk clots (i.e., cither thickens on lilting the 
tube or small white particles separate out). 

RErnnuNCES 

1. iJarowf'liy, II., Tmiljor, IT., niul Kleiner, I. S.: An Ofilco Procedure for the Rapid Esti* 

mation of iVpoin and Its Clinical Significance, Am. J. Digest. Di*!. & Nutrition 4: 
22D, IDoT. 

2. Dotti, L. B., and Kleiner, I. S, : The Absence o( Rrnnin From Adult Human Gastric 

Juice, Am. J. Physiol. 138: o57, 1043. ^ 



BOOK REVIEWS 


Essentials of Allergy. By Leo II. Cricp, M.L., Assistant Professor of Sletlicine anfl Lecturer 
in Immunology, School of MecJicine, Bniversitj' of Pittsburgh; Biplomate in Internal 
Medicine (1937) ; Fellow of the American Academ 3 ' of Allergy; Chairman Department 
of Medicine, Monteflore Hospital and Senior Staff in Medicine, Presbyterian and Passa- 
vant Hospitals, Pittsburgh; Consultant in Allergj- to tho Medical Servdee of the United 
States Veterans Administration. .T. B. Lippincott Companj', Philadelphia. Price $5.00. 
Cloth with 3S1 pages and 42 illustrations. 

Contents: I. Hj-persensitivencss. 2. Anaphjdaxis. 3. Allerg}'. 4. Diagnosis of allergy. 
5. Treatment of allergy. C. Pollen allergy (Hay fever). 7. Bronchial asthma. S. Nasal 
allergy. 9. Skin allergy (Allergic dermatoses). 10. Serum allerg}'. 11. Drug allergy. 12. 
Bacterial allergy. 13. Fungus allergy. 14. Physical allerg}'. 15. Miscellaneous allergy. 1C. 
Allergy in children. 17. Diagnostic skin tests. 

The author has succeeded in condensing into a small volume a great deal of the pre.^ent- 
day knowledge of clinical allergy. The book contains much useful information for under- 
graduate medical students and practicing physicians, for whom it is primarily intended. 
Tho information i.s, in general, authoritative, based upon modern clinical standards in a 
rapidly developing field. Numerous case reports are presented. The subject matter is 
concise and presented without controversial discussion. The thoughtful, analytical reader, 
however, will find several minor inaccuracies, together with several misleading and con- 
fusing statements. The following are called to attention: 

1. On the inside of the front cover anaphylaxis is defined as ‘'a state of hypersensi- 
tiveness produced e.xperiraentally in animals by injecting them for the second time with 
the .same protein.” (On page 2 we find that by "animals” is meant only ‘‘a lower 
animal”). In reality the "state of hy'perscnsitiveness” is frequently, and indeed usually, 
produced by the first injection. It is the reaction or .shock which is produced by the srcoiul 
(or subsequent) injection. 

2. The author has followed the custom, which is prevalent in certain quarters, of appl.v- 
ing the term "anaphylaxis” to tho hypersensitiveness produced in guinea pigs, rabbits, dog.s, 
etc., by injections of certain foreign substances (e.g., sera). But when these same sub- 
stances are injected into another species of animal, namely, man, the resulting hypersensi- 
tiveness is called "allergy.” This, the reviewer believes, is an artificial and misleading 
.separation of analogous (if not identical) phenomena. The issue is further confused In 
the classification of "serum allergy” as item IIB under "acquired allergy” as distinct 
from item A-anapiiylaxis, yet on page 2C0 we find that in ordinary serum'sipkness "pre- 
cipitins last for several days to a few weeks ...” and "anaphylactic antibodies usually 
accompany them. ’ ’ 

3. The terms "acquired” and "familial” are used in a confusing manner. There may 
be, and in fact there is, a familial tendency to acquire certain allergies. But the allerg} 
is, in fact, acquired at some time during the life of tho individual — usually after birth, 
occasionally during intrauterine life. No allergy has been proved to be other than 
"acquired. ” 

4. Oil page I."), paragraph 2, there appears the following statement: "There is no 
evidence to indicate that it is possible to sen.«itize human beiiig.s arlificially reguriBc.'-s o 
whether they are normal or atopic.” This sentence is incorrect ns stated and is, in fac , 
contradicted in the following jiaragraph in ivliicli it is admitted that injections of horse 
serum mat' result in skin sensitivity and even in the development of atopic reagins. 

5. On page 84 may be found recommendations for strengths of o.xtraets used for 
intradermal testing, including fish and eggs in "l-IO dilution.” The reviewer consi 
this strength decidedly unsafe (unless preceded by scratch tests). 

6. In the discussion of "atopic or familial (allergic) dermatitis” beginning on page 
22G the statement is made that the allergen is brought to the skin by the hema '>8';"® ' 
route and is usually a food although it may be an inhalant. The shock tissues arc sai 
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be the endothelinl cells liiiiii" tlio skni caiulluries, and tlic di!i{;no-tii! test is kivoii as the 
scratch or inlradcrmnl tost. While this is probably the jirovailiuK \i(‘w aniim;; allergists, 
there arc some dissenting \oicos, including that of Dr. K. L. t’ooke, who wrote the foreword 
to the book. Those dissenting voices amII probably iiicrca'.e greatly in number with the 
passage of lime. Thc«e di^'-enters hn\e reasons for believing that, in this disease, the 
hematogenous route i.s not important in the iransiKirtatinn of allergen to the skin, that 
the allcrgen.s are not often foods or inhalants, and that .scratch and intradeinial tests are 
not often of diagnostic v.'ilue. The author, however, probably does well to a\otd such 
controversial issues in a book of tins nature. 

r. .\. S. 

Clinical Eoentgenology of the Digestive Tract. By Mouricr Ftlilman, M.D.. Assi.stant 
Professor of Gastroenterology, I’niver-ity of Maryland; Assistant in Gastroiuiterology. 
Mercy llospital; Consulting Huenigenologist, Sinai Hospital; Consulting Hoentgen- 
ologist, Sinai Ilo.'pital. Second edition. Williams A Wilkins Company, Baltimore, ild., 
2945. Price $7.00. Cloth with 709 pages. 

Dr. Feldman’s book will lie a very U'eful reference for students nnd practitioners. The 
clinical factors of etiologv*, incidence of disease, age distributioni, .symptoms, and pathology 
are adequately stated for their use in roentgeiiulogical intcrjiretation. The descriptions of the 
roentgenological pictures are concise and full and give difTercntial details, TIic discussion^ 
given of many rare di.«eascs and conditions of the gastrointestinal tract with careful state- 
ment of their rarity should be c?i»cctally valualilc to student-* and casual users of the x-ray 
in diagnosis. For experienced and specialueil ga.<trointestinal roentgenologist.s the book gives 
an informative orientation to tho study of the tract and its appcmhigcs. Only in reference 
to the illustrations may they find more than personal difference.^. More illustrations would be 
helpful to the le.ss e.Npericnced and to beginners in the cpciualty. The bibliography i.s not ex- 
tensive but well selected from world sources and adequately pertinent to the nonreview 
presentation. The author has very well achievtal his oliject in presenting a general guide to 
the roentgenological diagnosis of the digestive tract and in indicating its importance and 
value. The book W’ill bo valuable to all who may be interested, either casually or especially, 
in gastroenterologv* and should find a place in their library. 

Studies of Bums and Scalds (Reports of the Bums Unit, Royal Infirmary, Glasgow, 1942* 
1943), Medical Research Council, Privy Council, Special Report Series No. 249. Price, 
4s. Od. net. Hard paper cover with 209 pngo.s. 

In this excellent clinical report 127 cases are summarized, thirty in considerable detail. 
Observations include many chemical studies ns well as a variety of clinical data. The data 
recorded will certainly prove of great interest to those who are studying bums clinically, and 
maay of the observations will bo a stimulus to tho?e interested in a few of the many unsolved 
problems. The local treatment is simple and consists of gentle cleansing with a detergent, 
followed by the application of a dressing over a sulfonamide cream. Systemic therapy con- 
sists of plasma and serum transfusions in large amounts. 

An intere-’ting nnd important experiment was earned out in four patients in whom a 
green dyo wa-. injected intravenously to determine the extent of the increased capillary per- 
meability. It was demonstrated in at least one patient that the center and therefore tlie 
more severely burned area remained unstained by tlie dye. This obviously indicated a typo 
of burn wliich had destroyed the circulation through the skin and was therefore associated 
with less extravasation. This observation perhaps is not sulEciently emphasized. It has 
an important bearing on the general assumption that tho amount of fluid lost in a bum and 
therefore the amount required to correct liemoconcentration varies roughly with the extent of 
the bum. It seems clear that this would apply only if the entire burned area were associated 
'vith' extravasation. This would be more likelj* when the thermal injury did not coagulate 
the skin, for example, in scalds. Flame burns, on the other hand, might destroy the circula- 
tion through the injured area and thus limit the degree of exudation. Such differences may 
explain some of the discrepancies between the degree of hemoconcentratiou and the extent of 
the bum which tho authors noted. These considerations emphasize the need for describing 
the type of bum present in each case. The title of the monograph suggests that tlie cases 
Would bo so classified, but this promise is not fulfilled. It might have been profitable to 
correlate the degree of heraoconcentration with the kind of thermal injury (that is, scald or 
burn) as well as with its extent. A verj’ instructive series of photographs shows the rapidity 
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witli \Yiiick odouiii of tlic fiico siilisides spontaneously after a superficial burn. Twenty-four 
liours after tlie injury the patient’s facial edema, wliieli nine liours before prevented the eyes 
from opening, had almost completely subsided. 

Intravenous injections were carried out rather extensively, the fluid being largely serum 
or plasma. In some cases concentrated serum was used. The amounts injected were large 
and by present standards might be called excessive. The indications for the use of intra- 
venous fluids were at first based on the development of hemoconcentration or other evidence 
of need. Soon tliis plan was changed to one in which plasma or serum was given early and 
more or less as a routine in order to prevent hemoconcentration. This latter plan was said 
to be justified by the results, which, however, on analysis seemed equivocal. Indeed, the 
authors admit that at least one patient had an excessive amount of intravenous fluid. For 
example, one 6-j'ear-oid child with a bum involving but 10 per cent of the body was given 
intravenously 1,900 c.c. (50 c.c./kg.) of plasma during six hours. 

Anemia was observed only in the more serious eases. Bed blood cell levels about 50 per 
cent of nonnal were reached in practically all of the patients with the most extensive bums 
on the tenth to the fourteenth day. In an attempt to explain tliis anemia, studies were made 
of the fragility of the red cells. Significant alterations were ob.served in the response of the 
red cells in burn patients as compared with the fragility of the rod cells in nonnal subjects 
subjected to the same test. Moreover, many patients showed gross hemolysis in their circulat- 
ing blood and a few contained hemoglobin in the urine. All patients showing hemolysis in the 
plasma in large amounts were very exten.flvcly and .severely burned and all except one died 
witlfln twelve hours of injury. 

The notable contribution of the Glasgow School is the demonstration that infection can 
be greatly reduced if not almost eliminated by meticulous attention to the fundamental prin- 
ciples of aseptic surgery. Although the authors believe that their use of local sulfonamide 
therapy was partly responsible, the evidence indicates that the outstanding reason for tlieir 
successful control of infection was a consistent drive in the liandling of the cases against 
contamination and cross infection. This required painstaking attention to detail, careful 
masking of the patient and personnel, complete sterilization of everything coming into con- 
tact with the bum, and even systematic elimination of air-bomc iirfection from dust in the 
room, on the floor, and by movement of personnel. It was quite evident from their experience 
that such detailed though simple measures definitely resulted in a tremendous decrease in the 
incidence of infection. This c.xperience emphasizes the fundamental fact already demon- 
strated during World War II, that chemotherapy wdll not of itself prevent or eliminate in- 
fection and that in the case of most surgical wounds, fundamental principles of surgical tech- 
nique demand precedence and erapliasis. Cliemotlierapy can he effective onl)' as an adjunct 
or adjuvant, not as a sub,«titute for these principles. 


Introduction to Animal Biology. John B. Parker, Ph.D., Professor Emeritus of Biologj’, 
Catholic University of America, Washington, D. C.; and John L. Clarke, Ph.D., Assistant 
Professor of Biology, Betired, Catholic University of America, Washington, D. C. 
Second Edition. The C. V. Mosby Company, St. Louis, 19-15. Price .$:i.75. Cloth 
with 032 pages. 



A PATHOLOGIC STUDY' OP TSUTSUGAIIUSHI DISEASE (SCRUB 
TYTIIUS) WITH NOTES ON CLINICOPATIIOLOGIC 
CORK ELATION 


JUjoit Emmwt B. Sctti.!’., Mkdicai. Gobi’s, jVbmv oi- the United States, 
Henbv Pinkerton, JI.D., Sr. Lon.s, YIo., .ind M-ijob Austin J. CoRnnrr, 
JIedicai, Coin’s, Awiv or the United Statis 

JNTBODL’CTION 

T he known I'ickcUsiill disra.scs of man excluding the still moot problem ot 
triTieli fever full into four distiiK'l groups; typhim, spotted fever, t,sutsiiga- 
latishi disoa.se, and Q fever. Typhus is carried by iiee and flca.s, spotted fever 
by tielis. Olid tsut.siigaiiu!sbi di.sca.se by mites. The riekcttsiac of Q fes'cr are 
found in licks, but epidemiologic studies ais> incomplete. Two distinct varieties 
of typhus, murine and Imman, are iwognizcd and strain differences, notably 
in virulence, are found between individual members of tlie otlier three groups. 
The o.xistcnce of complete cro.ss-imimmily between all varieties and strains 
within each of these groups, liowcver, and the invariable absence of cross- 
immunity between mcmboi's of different groups, are ample justification for re- 
gaiding the classification as dofiiiilivc. 

Scrub typhus lias become the commonly employed elinicai designation of a 
ficlcettsial disease wliieh recently has assumed importauce because of its oc- 
currence among troops in New Guinea and in adjacent islands of the Southwest 
Paciiie area. Tiio careful work ot Lewthwaite and Savoov’ iias sliown that this 
disease is essentially identical cliuicatiy, pathologically, and immunoiogicaiiy 
tvith tsutsngamuslii disease. The term sentb typhus, tlioroforo, should be re- 
garded as liaving only tcmiioraiy value and must eventually bo discarded in 
the interest of no.sologieal clarity, just as the terai Sao Paulo typhus has been 
abandoned in favor of (Brazilian) ajiotted fever now that the disease is known 
to be identical with Rocky Mountain spotted fever. 

Scrub typhus certainly is no more closely allied to the t}*phus group than 
to the spotted fever group of diseases, and there is every reason for separating 
It shaiply from lioth. This purpose would be achieved most simply by calling 
it tsutsiigamashi disease. Any strain diffei'cnccs which may come to light as a 
result of study could bo indicated by names analogous to murine typhus and 
human typhus. In tliis way contusion in tcnninology and perhaps unwarranted 
assumptions regarding theraiicntic indications could be avoided. 

For a general discussion of fsutsugamnshi disease, including the clinical 
picture, diagnosis, and epidemiology, rcfci'cnce is made to recent papers by 
Allim and Lipshntz* and Parncr and Katsampes.* These authors express a 
preference for the name fsutsugamnshi disease. 

Historical Oricnfation.—Tsutsiigamushi disease has been much less thox-- 
ougMy studied, in its etiologic and pathologic aspects, than have typhus and 

Based upon work carried out in the Department of Patholoirj’. Third Jledlcai Lahoratory, 
iledfcfne and in the Department of Pathoiogj*, Rt. Louis Univeralty School of 

Hecelved for publication, 2ilay 17, 134S, 

’Tjik Journal of LABORATonr and Cmnical XIedicinf, Auru.^t, 1945, Voh 30, No. S 
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spotted fever. Japanese investigators in 1928‘ and 1931“ demonstrated the 
etiologic agent in the testicle of the rabbit and in the anterior chamber of the 
rabbit s eye, propagated the agent by these rather inconvenient methods of 
inoculation, and named it Rickettsia tsrdsuga7nuslii {onmtalis) {^lipponica) . 
Lewthwaite and Savoor," in a single instance, isolated a strain in guinea pigs 
rendered vitamin deficient. In the course of recent work, including ours, the 
isolation and propagation of strains have been accomplished repeatedly hj' the 
intraperitoneal injection of human blood into white mice and guinea pigs. This 
has greatly facilitated the laboratoiw study of the disease. The repeated isola- 
tion of strains in this manner, in contrast to previous failures, can be explained 
perhaps as a phenomenon of strain variation. The reaction of the guinea pig 
to these recently isolated strains is apparently identical with that described by 
Lewthwaite and Savoor in their single success. 

The histopatholog.y of diseases of the tsutsugamushi group has heretofore 
been described onl.y liriefly.'"® 

Objectives of the Present Study. — Our study is based on an analysis of 
fifty-five fatal eases of tsutsugamushi disease oceuri-ing in American troops in 
British and Dutch New Guinea and adjacent islands. A considerable number 
of experimental animals (mice and guinea pigs) reacting to strains isolated 
from these patients were available also for study. The purposes of the study 
are (1) to describe in detail the pathologic changes associated with the disease; 
(2) to compare these changes with those found in fatal cases of typhus and 
spotted fever; and (3) to determine whether an analj'sis of these data would 
bring out pathologic or physiologic differences between tsutsugamushi and the 
other two groups of lickettsial disease which might act as a guide to clinical 
research. 

THE ETIOLOGIC AGENT 

Our observations on the etiologic agent of the disease (R. tsutsugamushi) 
null be confined largelj’- to its morphology, since detailed biologic and im- 
munologic studies by others will soon be available. 

The direct demonstration of rickettsiac in human tissues has been achieved 
only in film preparations from pericai’dial, pleural, and peritoneal fluid. Here 
they are present in much smaller numbei-s than in similar preparations from in- 
fected mice and guinea pigs and usually are found only after long search. Thus 
far we have not been successful in finding definite nckettsiae in paraffin sections 
of human tissues. On the liasis of experience with typhus tissues, we have no 
reason for stating that rickettsiac are more difficult to demonstrate in tsutsuga- 
mushi than in tj’phus material. In spotted fever, however, rickettsiac are some- 
what easier to demonstrate. 

The presence of rickettsiac in smears from the serous surfaces of mice, 
guinea pigs, and human beings, their demonstration by Japanese workers in the 
testicle and in the anterior chamber of the eye,^' “ and their cultivation in tissue 
culture without loss of virulence’® leave no serious doubt concerning their 
etiologic significance in tsutsugamushi disease. 

JMorphoIogically, R. tsutsugamushi, as seen in film preparations froni tlie 
peritoneum of the mouse, certainly does not appear to differ gi-eatly from Rickett- 
sia proioazeki and Dennaceiitroxcims rickettsi, the agents of tjiihus and spotted 
fever, respectively. In all three, the predominating form is a minute diplo_ 
bacillus. In size,' R. tsutsugamushi is indistinguishable from R. proxuazcki and 
also from D. rickettsi in its more common forms.” Forms resembling the large 
lanceolate diplococei, which occasionally are seen in spotted fever, were no 
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observed by us. We found tiuit bijiolar and diphtiieroid forms were more edm- 
luon than in either typhus or sjmtted fever; however, since identical forms have 
been seen in largo iiurnbcrs in the biain of lypluLs-iiifeetcd mice azid occasionally 
in typhus-infected yolk sacs, this observation .seems lo be of doubtful differen- 
tial value. Long cliaius and tlirrad form.s* were not seen in our material, but 
suelv fonns are found only \inder tumsual conditions. 

Cells packed and distended with lniiidred.s' of riekcttsiac, .so commonly seen 
in films from tlie j^eriloneum of rxjM'rimental animals reacting to murine typhus 
or to liuman lypiuis, wore not ftnuid in tliis study. Individual cells contained 
from ton to sixty orgafiisms, sugiresting the picture .seen in *smcur.s from ex- 
perimental spotted fvvcv m gn/nea pig.s% but the ovgswisniH fended to form hose 
01118101*8 ratlier Ilian being difl'u.sely .scattered as in siiotted fever. 

Spotted fever is ehazaeterized by the i)rescnec of rickettsiae not only in 
cndotbelinl cells, but also in smooth muscle cells of arterioles, W’hilo in 1^7)11118, 
organisms arc .seen onh* in intimal endothelial eclls.'' A comparison of fsutsuga- 
inuslu with typhus and spotted fever from Ibis point of view cannot be made 
until suitable matci'ial is available, 

Tlic presence of rickett.siae in nuclei, a feature of spotted fever but not of 
t>*plu\s, can 1)0 studied only in sections and is rarely demonstrable in mammalian 
tissues.” The material in which they can best be demon.stratcd is the infected 
eborioalantoic membrane of ilie fertile eirg,'- wbieli was not available in this 
study, 

P.\TIIOI.O(5Y 

The general similarity of the pathologic picture to that of t^'phiis and spot- 
ted fever” boeamo apparent early in tijc eoui'sc of this study. In all tlirec dis- 
eases, tl\c pathologic clianges undoubtedly arc direct results of the multiplica- 
tion of rickettsiae within the endothelial cells or smooth muscle cells of capil- 
lories, nrtoriolo.s, vemilc.s, and le.ss often of larger ^’c.ssols. Swelling and pro- 
liferation of the intimal endothelium, cellular infiltration of the wall of the 
larger vessels, perivasculnr aeeinnulation of mononuclear cells, and occasional 
thrombosis and licmorrhagc arc the essential features of the reaction. TIicsc 
clianges are most noticeable in the skin, brain, and myocardium but are present 
to some extent in nearly every organ, .so that tlte disease may be characterized 
as an acute generalized inflammation of the vascular lining, the vascular \vall, 
and the perivascular tissue. 

Gross Observations . — In general, the gross changes seen post mortem arc 
not striking. The most distinctive finding upon external examination of the 
body is tlie local primary Ic.sion at the site of inoculation by the bite of tJie laiwal 
mite. It is a cutaneous ulceration, vaiying from 2 to 15 mm. in diameter, usu- 
ally covered with a l)lacki.sh cnist, the so-called eschar, which is only slightly 
adherent to a shallow* grayish-pink, granular crater, with sharply defined mar- 
gin.s. The skin surrounding the xdeer is moderately red. In our scries, the pri- 
niar>' lesion, when secondarily infected bj* pyogenic organisms, was often en- 
larged and presented a dirty gray surface with purulent drainage. Not infre- 
quently the ulcer w’as in a healing stage and relatively inconspicuous. The pri- 
mary lesion was ob.served at autop.s5' in SJ) per cent of oiir cases, occurring in 
the loe<ations listed in order of frequency: tnnik, 32 per cent; axilla, 22 per 
cent; external genitals, 12 per cent; thigh, 12 per cent; lower leg, 10 per cent; 
niguinal region, 8 per cent; upper extremity, 2 per cent; neck, 2 per cent. In 
one case, tw’o typical primaiy uleci’s with eschars W’cre present, one on the ab- 
domen and the otlior on tlie thigh. 
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The^ shm rash observed clinically fades very rapidly after death and was 
present in only two of our patients upon both of whom autopsy was pei’formec! 
immediately after death on the twelfth daj' of the disease. The lesions consisted 
of confluent, red, mottled macules from 1 to 2 cm. in diameter scattered over the 
trunk, upper arms, and thighs. 

Necrotic lesions of the skin were absent and hemorrhagic lesions were mo.st 
unusual, appearing in but two of our serie.s. On one patient there was an area 
of purpura 8 cm. in diameter over the sacrum, accompanied by recent 
petechial hemorrhages over the arms and hands, which appeared teiminally 
on the thirteenth day after an extreme elevation of temperature to 108° F. In 
the second patient, many recent petechial hemorrhages were scattered over the 
skin of the chest and face. These also appeared a few houis before death on the 
thirteenth day of the disease. 

The serous cavities commonly presented characteristic gross changes. Free 
fluid was often encountered wliieh was cloudy and straw colored and contained 
small fleclis of whitish-jmllow exudate. The serous surfaces tended to he 
slightly dull and injected, occasionally studded vdth punctate hemorrhages. 

In 56 per cent of our cases the cloudy straw-colored fluid in the pericardial 
sac was increased, although not enough to cause cardiac embarrassment, as it 
averaged less than 100 c.c. The petechiae were most frequently located on the 
posterior surface of the sac. 

The pleural cavities presented a similar appearance with free fluid in one 
or both sacs in 53 per cent of our cases, the amount ranging from 30 to 500 c.c. 
in 76 per cent, being over 500 c.c. in 24 per cent. In at least one-half of our 
cases this effusion was not associated w'ith bronchopneumonia, and subsequent 
microscopic studies made it obvious that the condition represented a rickettsial 
pleuritis rather than a secondarj’’ bacterial infection. 

A slight to moderate increase of pei'itoneal fluid was observed in only one- 
fifth of our cases. 

The heart exhibited relatively mild changes and was of nomal weight. The 
myocardium at times was sliglitty flabby and, in a few eases, contained minute, 
focal, pale, brownish-gray areas of degeneration or, more rarely, small recent 
focal hemorrhages. The endocardium was generally smooth, pale, and glisten- 
ing; petechiae were rare. Valvular damage attributable to rickettsial infection 
was not seen. 

The aorta, vena cava, and other large vessels were altogether without gross 
changes attributable to rickettsial infection. In one ease, however, we observed 
thrombosis of the right adrenal vein and its tributaries and of a branch of the . 
deep circumflex iliac vein a.ssociated with massive hemorrhage into the left 
rectus muscle, the left psoas, and left retroperitoneal space. 

The lungs vai-ied greatly in appearance. Usually hemorrhage and conges- 
tion of the entire organ rvere the constant and sti-iking features in the eases 
uncomplicated by secondary pneumonia. Weight increase was moderate to 
marked, and the tissue was only partially crepitant. The cut surfaces wei-e 
blotchy dull red to deep purple and exuded copious dark bloody fluid. Sma 
multiple hemorrhagic infarcts occurred in six of our patients. The muco® ot 
the tracheobronchial tree was deeply injected and the lumen was partially e 
with sticky blood-tinged mucus. The pulmonarj' picture closely resembled that ot 
the hemorrhagic pneumonitis of influenza. Less often congestion an e ema 
were present without the hemorrhagic changes. When secondary bronchopneu- 
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monia was siiperimjiosed, the eliaraftcrislic pielnre was partly masked. Alicro- 
seopic c-xamijiation in all ca.se,s revealed essential cliaiiges wliieh will be described 
later. 

The spleen was eharactcristically enlarged, firm and dull, and slaty blue. 
Flecks of fibrinou.s e.vudatc were u.siially scattered over its cap.sule. The en- 
largement ranged from 300 to 700 Cm. in 03 per cent of the ca.ses and from 
200 to 300 Gm. in 28 per cent. The organ weighed over 700 Gm. in two cases, 
while in two others the weight wa.s normal. Cut surfaces were deep purplish 
red; the splenic follicles were not i>rominenl ; the pulp was considerably softened. 
Focal areas of hemorrhage were fairly common and infarcts, occasionally mul- 
tiple and sometimes large, weie invseni in four eases. 

Lumphadcyiopnthij involving partienlarly the mc.scntcric, retroperitoneal, 
traehcobronehial, a.villary, and inguinal groups was ob.served in approximately 
two-thirds of our eases. The glands were disoivic, mildly to moderately swollen, 
siieculcut, and soft; the cut surfaces were pink svitli occasional areas of focal 
hemorrliagc and neei-o,si,s. As a rule the lymph nodes in the region of the pri- 
mary ulcer were more enlarged and areas of focal homorrliagc and neciusis more 
frequent. When the ulcer was secondarily infected, llic lymph nodes commonly 
were pmvlciit. 

The livrr had undergone no dislim-livc gro.ss clninges. Mild hepatic en- 
largement was present in 5s j>er rent of the serie.s, and small, siibeapsiilnr hem- 
orrhages wore oeeasionaliy seen. The cut surface u.sually had a dull, cloudy 
appearance. Tlic biliaiy tree .showed no abnormality. 

Tiio gastfoiiilcstiiial Inui was without eliaracterislie gro.ss features, nl- 
Ihougli usually pimctale mueo.sal bomorriiagcs were scattci’od tbrougbout its 
entire length. In one instance peiccbial liemorrhngc.s were countless and a 
large amount of blood filled the entire lisiet from slomneb to rectum; in rare 
cases the Peyor’s patches were mildly .swollen. Small focal bomorrliages wore 
occasionally present in the serosal coats. 

The pintenens showed no .significant changes. 

The suprarcinil ghiiids appeared normal, c.xccpt in one case in wliich marked 
hemorrhage into the pai'onehyma had resulted fi'om thrombosis of the adrenal 
vein and its tributaries. 

Tlie kidncj/s were u.sually .swollen and congested. On the cut surfaces the 
cliiskv red p.vraniids stood out sharply against tlic pale opacpie cortical paren- 
chyma. Small infarcts were present in two ca.sc,s. 

The bladder contained occasional small subniueo.sa! liemorrhago.s. 

The testicles and the lone marrow ajqieai'cd gros.sIy normal. 

The brain rarely showed distinctive gro.ss eiiangcs. Tlie vessels of the leplo- 
nieningcs were often congested. Jlild cerebral edema wn.s occasionally evi- 
denced I)y slight flattening of the convolHtion.s and gyri, usually with con- 
comitant increase in tlie brain weight. In a few cases minute pinpoint hemor- 
rhages were apparent on the cut surfaces of the brain, frctiuently in the brain 
stem and pons, rarely in the basal ganglia, the ccrehrum, and the ccrebellnm. 

The spinal fluid at times wa.s slightly increased in amount, and occasionally 
was cloudy. 

Microscopic Observations . — The heart was most seriously involved since the 
doaiinant lesion in all cases was acute nonsuppurati\-e myocarditis, focal as 
well as diffuse, and varying in severity. This inflammatory reaction was patchy 
in distribution and usually most severe in the inteiwentricular septum and the 
left ventricle. It was characterized by perivascular infiltration of mononuclear 
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cells, edema, and cellular infiltration of the larger fibrous septa, and also by a 
more patchy interstitial edema and cellular infiltration. 

The most marked and constant finding was perivascular infiltration of 
mononuclear cells, chieflj' plasma cells with fewer large mononuclear cells, oc- 
casional lymphocytes, and polymorphonuclear leucocytes (Fig. 1) and some- 
times lai'ge multinucleated cells with vesicular nuclei and basophilic cytoplasm. 
This reaction occurred about vessels of all sizes but more abundantly about the 
smaller arterioles, venules, and capillaries. Frequently the vascular endo- 
thelium was swollen or thickened by proliferation, usually asJ^nmetricall}^ The 
intima occasionally presented a frayed-out appearance; leucocytes often ad- 
hered to the lining, and more rarely, recent mural thrombi overlay the injured 
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Fis. 1. — Perivascular mononuclear cell infiltration centering around a small damaged vessel in 

a fibrous septum in the myocardium. 



Fig. 2. 
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cndofteiiimi. Oecasioiiaiij.' tlie cittire vctsel wail was loosciy infiltraled with 
nwnomiclear cells. 

The lai'ftoi' euniieethT tissHO senta were edematous and infiltrafcci to a vary- 
ing degree witii raonoinicJcar coDs (Fig. 2). 

Tho more diffii.se type of mytK-anlitis was charaeterized by tiie in'csence of 
columns of niononncloai- cells, ehietly plasma cells, lying in the eoiiiieetivc tissue 
i!itcrsticc.s between individual muscle tiiiers and iu close relnfionsiiip to capil- 
laries (Figs. 3 and 4). Tlie capillary eiidulhelinm often .showed .swelling and 
proUfevation. Arcji.s of focal licm'irrlmge were not unusual wliero tlii.s intlain- 
inatovy reaction wa.s severe. Degcin'rative changes in the cardiac nui.scle fibers 
varied from cloudy swelling, loss uf slriatiou, and fatty degciierat/on to actual 
necjpsi.s. A rc-sultant early fibroblastic luDlitcration was occ.i.sioHall.v seen. 



FJg. 3.— •DHTiiHC wyoCardHjs m (JJstnKy. 
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The endocardium was mildty edematous and the , connective tissue layer 
slightly infiltrated with mononuclear cells. Occasionally, microscopic hemor- 
rhages were present. 

The epicardium usually exhibited increased vascularity. In all vessels 
changes were identical with those described in the myocardium. Focal hem- 
orrhages were common. The tissue -was sparsely infiltrated with mononuclear 
cells and occasional polymorphonuclear leucocytes. The serous endothelium 
was often swollen and proliferating. In several cases inflammatory changes 
had taken place in the subendothelial regions, and even in the media of the 
coronary arteries (Fig. 5). 

The aorta, throughout its course, exhibited a mild acute aortitis charac- 
terized by perivascular infiltration of mononuclear cells about the vasa vasorum. 





Fig. 5. — Coronal-}' artery showing enUangiitis and involvement of tlie media. 



fig. G-- 


of the media. 
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Occasionally tlio vnsculur damage was severe and in two cases was attended by 
local necrosis in the media with interruption of the elastic fibers in its outer 
portion (Fig. 6), JKkl infiltration of mononuclear cells, plasma cells, lympho- 
cytes, and histiocytes was oeeasionally seen in the siihcndothclial connective 
tissue of the intima. 

The lumjs, in all ca.ses not ohsciired by complicating secondary pneumonia, 
showed an mtcretitial inflammatory reaction of such constant and typical 
features as to suggest a rickettsial origin, Tltc avtcriolas and vcmiios and some- 
times the larger vessels of the interlobular septa, usually presented cliangcs of 
vaiwing degree such as perivascular infiltration of mononnelear cells, endo- 
thelial swelling and proliferation, infill ration of the wall, and not infrcipiontly 



Fig. ?. — Interstitial pneumonitis in tsutsucomuslu jnob.ibl> of rtckcttalal origin. Note 

the inflammalors' cells In the peribronchial regions and in the alveolar -walls. 
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thi-orabosis. ^ The inteiiohvilar septa were markedly edematous and diffusely in- 
filtrated, cliiefly by plasma cells and large mononuclear cells. The alveolar ivalls 
\\ ere congested and eorrespondinglj'’ infiltrated with mononuelears. The ah'eolar 
lining cells were swollen and proliferating. Most air spaces contained pink- 
staining edema fluid, a few mononuclear cells, and only occasional poljunoipho- 
nuclear leucocytes. The alveoli contained no purulent exudate ; neither did the 
primaiy and secondary bronchioles. A hyaline membrane lined the alveolar 
walls in several eases. Many areas were flooded with frank hemorrhage. The.se 
lesions varied considerably in severity and, as in the myocardium, were patchy 
in distribution. The pulmonary lesions are shown in Figs. 7 and 8. In some 
cases the basic condition of tlie lungs was overshadowed by a secondaiy acute 
bronchopneumonia and bronchiolitis wliich presented tlie usual Imtohgic 
features. 


The pleura showed changes similar to those in the epicardium, with edema, 
vascular and perivascular infiltration of mononuclear cells, endothelial swelling 
and proliferation, and occa.sionaliy thrombosis and hemorrhage. The con- 
nective tissue la 3 'er often was infiltrated with mononuelears; the serous cells 
commonh- were swollen and pi-oliferating. 

The lesions in the spleen were those of acute splenitis with marked conges- 
tion of the pulp, freqvicntly accompanied iiy hemorrhage and occasionally hy 
infarction. The red pulp was densely infiltrated with mononiiclear cells, plasma 
cells, large mononuclears, and lymphocytes. In some instances polymorphonu- 
clear nentrophilcs and eosinophiles were present in considerable numbers. 
Phagocj-tosis of er,vtliroo 3 'tes and cellular debris by reticuloendothelial elements 
were prominent. The vascular changes were similar to those described in other 
organs. The Malpighian corpuscles were inconspicuous but often showed central 
hyaline necrosis. 

The splenic- capsule was often mildlj’- infiltrated with mononuclear cells and 
poljTUorphonuclear leucocytes; the serous cells were swollen and proliferating. 
At times an exudate of fibrin, desquamated serous cells, and mononuclear cells 
adhered to the surface. 

The hjniph nodes presented a histologic picture similar to that seen in the 
spleen, characterized by acute lymphadenitis with congestion and occasionally 
hemorrhage and focal necrosis. The lymph sinuses were stuffed with large pale 
mononuclear cells, plasma cells, lymphocytes, and poljTOorphonuelear leucocytes. 
The fixed reticuloendothelial cells were prominent and increased in number, 
often containing pliagocytized debris (Fig. 9). Focal Iqvaline necrosis was 
present in some follicles. These changes were usually more pronounced in the 
lymph nodes near the primary ulcer. Lymph nodes draining secondarilj' iiu 
fected ulcers showed the usual picture of acute suppurative lymphadenitis. 

The gastrointestinal tract was without distinctive changes except for vas- 
cular lesions of the ty-pe found in other organs. Ai-eas of hemorrhage into the 
mucosa w-ere common. In the ease with massive terminal hemorrhage into the 
gastrointestinal tract, vascular lesions w^erc unusually severe and there were 
innumerable foci of hemorrhage from the mucosal capillaries into the mucosa. 

The mucosa was often infiltrated with considerable numbers of large mono- 


iiuclonv cells. , 

The liver presented no constant histologic features. The hepatic cells 

showed varrung but usually mild degrees of cloudy swelling and fatty degen- 
erntion. The Kupffer ceUs were swollen and prominent ; the cytoplasm at tvmes 
wnq vacuolated, at times containing engulfed erydliroej^es. Numerous mononii- 
deL cells, both plasma cells and large monotmdear cells, were scattered through 
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llic sinusoids. The porlul spaces were mildly edematous aud InhUrnted 
plasma ceils and large mononuclear cells, with fewer lymphoeytes, neulrophilcs, 
and eosinopiiiles. In a few cases there was marked hepatic degeneration with 
necj-osl.?. T}ie degenerative changes were most marked about the central por- 
tion of the lobule, with relatively mild associated inliammatoiy rcJiction. 

The pcncrcos showed sligljt micj^scopie change limited io pcrirasculai’ 
infiltration in the supporting connective tissue. In rave mstnnce.s vasculitis and 
pcrivasctilitis were more severe and aeeompanicd hy edenm nnd mild dittuse in- 
filtj^tion of the loose eonneetive lisMie hands sutTieie'nt to eonstitule an acute 
mild interstitial pancreatitis. 

In the svpraroifll ylnnds dumps of monoiiucJear eelLs, chiefly jdasma cells 
and large mononuclear cells, infiltrated the cortex and medulla. The larger 
vessels in the connective tissue of the central portion of the medulla showed 
porivaseulnr cellular infiltration and occasionally actual evidence of vascular 
injury’ such a.s endolludial swelling, proliferation, or throml)osis. These changes 
varied considcr.ihly in severity within a given orgjui as well ns from case to 
case. 



FIr. 5.-~Mesontcrfc Ijniph notlc Kotc the rotlculoendoUiellal hj i>ertjlasi.T. 


The liidncija showctl cliiiracteristie focai interstitial lesions and, occasionally, 
evidence of sevciv vascular damage and glomerular injury. Usually, focal col- 
lections of plasma cells, large mononueleav colls, and lymphocytes, with oc- 
casional polymorphonuclear leucocytes, were scattered irregufariy through the 
parcncliyma, btit they occurred most frc<iucn.tly about the junction of cortex 
and medulla. At timt\s the.se collections encompassed t\vo or three disintegrating 
tubular segments or a glomornlus. The long sti’aight capillaries of the medulla 
wore generally congested and frequently showed pcrituscular infiltration of 
tnononuclcar cells. TIjc vcs.s-els throughout the kidjicy presented elianges similar 
to those in other organs. 

The epithelmni of the convoluted tubules exhibited cloudy swelling. The 
tubules sometimes contained nlbuminous material. 

The glomeruli were not uniformly affected; most of them were iiormaHy 
eellnlar and Jiad well-filled capillaries; othej*s, however, sbow’cd a definitely in- 
creased cellularity and were i^hemic. Oeeasionally the capsular epithelium 
had proliferated and formed thm crescents. A few glomerular loops were 
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frankly necrotic. The glomerular spaces sometimes contained albuminous ma- 
terial, erjd;hrocytes, or epithelial cells. At times perieapsular spaces were 
infiltrated by mononuclear cells. 

Pocal hemorrhage, occasionally seen in the parenclijuna, ivas most common 
in the medulla. Eecent anemic infarcts were seldom present in the cortex, but 
in these cases thrombi could sometimes be demonstrated in damaged arteries. 

The urinary bladder showed only the vascular changes described, chiefly 
in the submucosa. 

The testicle ivas not seriousl.v affected and exhibited onlj'^ characteristic 
vascular lesions, mild interstitial edema, and occasionally tiirombosis and hera- 
orrhag'e. The vascular lesions were much milder than those occurring in the 
heart, lung, and brain, and no more severe than those seen elsewhere. 



Fig. 10. — Subepithelial tissue in the primary cutaneous ulcer. Note the vasculitis and pen- 
vascular collections of mononuclear cells. 


The primary cutaneous nicer in the earlier phases showed coagulation 
necrosis of the epidermis and superficial layers of the corium. The characteristic 
vascular lesions were present in the eorium (Pig. 10). Later ulceration oc- 
curred and the ulcer base was formed by degenerating leucocytes and cellular 
debi’is. The underlying corium was edematous. Tliere was moderate diffuse 
cellular infiltration, chiefly lymphocytes, especially about the epidermal ap- 
pendages as well as about neiwe bundles; the appearance was that of a localized 
cellulitis. The inflammatoiy reaction did not tend to spread lateralb^ but some- 
times extended downward into the panniculus. Healing occurred with epithe- 
lization of the surface and absorption of the exudate. Vascular and perivascu- 
lar infiltration, however, persisted even after surface healing had taken place. 

Skin from areas which exhibited rasli at the time of death showed com- 
paratively mild changes. The capillaiy loops were moderately congested and 
suiTOunded by a few infiltrating cells, chiefly lymphocytes. The superficial 
vessels of the corium were similarly affected, but the deep vessels showed little 
change. Thrombosis and hemorrhage were exceedingly rare. The basal layer 

of the epidermis was mildly edematous. 

The bone marroiv sometimes was rich in plasma cells and large mononu- 
clear cells. 



TSUTSUGAMirSHl DNEASK (SCRUH TYIMUIS) 


C51 

The hrain showed considerable variation from ease to ease. In some eases 
there was only mild perivascular infiltration of plasma cells and large mononU' 
clear cells about the vessels of the leptomeningcs with a few cells scattered 
through the arachnoid membrane. The arterioles, venules, and capillaries were 
congested to vaiying degrees. 

In other eases a wclhdcfined acute serous meningitis and an acute focal 
encephalitis were present. Thei'o was frequently marked perivascular infiltra- 
tion of the vessels of the Ifptomcninge.s, and the arachnoid membrane and space 
were densely infiltrated with large pale mononticlcnr cells and plasma cells 
(Fig. 11). The vessels in all parts of the braiti .showed a similar cellular in- 
filtration into the perivascular .sheath, at times dense cuffs were formed. The 
vessels thcm.selvos exhibited tiie elmraeleri.stie lesions dcsorihed. Focal nodule.s 



Fie. 11. — ilononuclcar cell InOUratlon m the nr.tclmoul membrane, ehing the picture of mild 

mcnmKUi'^. 



12 . — 4 datnaged cerebral capJUary. with early endothelial proliferation and perivascular 

re&etion. 
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similar to those seen in typlius^= and spotted fever“ were scattered through the 
brain stem, cerebellum, and cerebrum. These had formed about small vessels 
or capillaries, probably incidental to vascular damage by rickettsial invasion 
in the endothelium. The nodules consisted of a loose conglomeration of irregu- 
larly arranged glial cells and large mo 2 ionuclear cells, with occasional poly- 
morphonuclear leucocytes. The surrounding brain tissue was edematous and 
lesions occasionally encompassed a neuron which showed varying degrees of 
chromatolysis. These lesions were seen in all stages of formation, from the 
early vascular type with marked perivascular cellular infiltration and endothe- 
lial proliferation, followed by thrombosis or closure of the lumen by endothelial 
proliferation and swelling, to the final, small, focal, granulomatous nodule (Figs. 
12, 13, and 14 ) ; serial sections alwa 3 ’s proved the vascular relation. 



Pig. 13.— Early focal lesion in tlie cerebellum. Note the presence of several neutropliileP- 



Fig. 14 .-Later stage in development of foc al^ brain lesion, with 


predominance of neuroglial 



THUTsrr.AJU’sm (scuim TYt’nus) hWd 

Nodules were most i're<i\ieut in tlu* pons and medulla, less frequent hi the 
basal ganglia, eorelioilum, and cerei>niin and spinal eord. It was unusual to see 
more than from one to tlu'oe to a se<*tion. Punctate focal hemorrhages were often 
seen, sentteved through brain stem and cortex. Tliese liemorrlmges sometimes 
woi’O around nodules hut often weiv nnn’lated to them. Nodules were seen much 
more frequently if ileath oeeurml uft«‘r the twelftli day. In one case in which 
death occurred on the. thirty-tliird day from pulmonary complications after an 
intervoninir afebrile period, the healing stage of the nodule was studied. The 
nodules were more eomtmct ttian at earlier K!agc.s; plasma cells and large mono- 
nuclear cells Avere ineonspi«‘uous; cells with cloiigaled oval luioloi and small glial 
olemonts predominated. The intlammatory reaction in tlio nieninge.s and in vas- 
scls of the brain lunl praeti<‘ully disappcnnsl. 

Focal areas of dem.Mdinizathin. \vhi<‘h have been considered charuclcristie 
of spotted fever, were rarely, if ev<‘i% encountered. 

pATiioor.NiriTA wn r\Tiuu.<H;N ix i:Ni*muMi:N'T.\n .\nimals 

During the course of this study, the opportunity arose to observe the 
]iathngenieily and pathology of tsntsugamnshi disease in experimental animals, 
coincident with trausimssiun studios curried out hy other mcmhei's of the Dc- 
tmrtmcnl of Haeteriology of the Thiisl Medical Dahoratory and memhers of the 
United States of America Typlius Pimimissiun 


15.— Serosial cclN ftom pvrUune.il ojtvUy of wlUto nums*' rcHcUnf %q (llayaMi*. 

Arrows uolnt to looso rnllt'Cllnns ot \lcKvU.8\u\.', 

The White Tlic wliitc inoiisu sewiis to liu llio mast salistiictorj- nii- 

Wiat tor initial isoliiliou oC tsutsHSainosUi disease from luimaii i)atients. In 
llurlcon out of tourtccii cases, strains were isolated hy the iutraperitoxieal iiijce- 
hoiv ol heart blood, obtainexl post morU'in, into wliitc mieo. In the single tin- 
S'lccesstiil experiment tlio .smnjde of blooil had reniaiiicd in the rctrigorator 
orcftiiglit, ix'hc ptiliciUs from whom suecessCut isolations were obtained died 
lictwccu the seventh and twentieth days of illtiess. The Idood, it uucoagulatcd, 
'"ay ho injected directly or, if coagulated, may lie groimd iiud mixed with stoi’ilc 
saline solution. In either case, Q.3 e.e. was Used for the injection. 
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In three out of three attempts, steains of tsutsugamushi disease were estab- 
lished in mice hj- the intraperitoneal injection of 0.3 c.c. of pericardial fluid. 
Pleural fluid likewise gave positive results in each of two trials, and peritoneal 
fluid gave a positive result in tlie single instance in wliieh it was tested. Cerebro- 
spinal fluid from the lateral ventricles gave negative results in two cases. 
Kouivenaar, however, isolated strains from the spinal fluid of his cases." 

Successfully infected mice appeared ill toward the end of the second week 
after injection and usuallj'' died before the fifteenth day. Autopsy revealed 
characteristic and constant changes. The peritoneal cavity was filled wth 
cloudy mucinous fluid. The peritoneal surfaces showed marked capillary injec- 
tion. The spleen was enlarged, mottled, and friable. The pleural cavities some- 
times contained small amounts of cloudy fluid. The lungs were frequently con- 
gested and hemorrhagic. Giemsa-stained smeare from the i^eritoneal exudate, 
spleen surface, or pleural fluid contained many large serous cells, with fewer 
large mononuclears and lymphocytes, and only occasional poljmiorphonuclear 
leucocytes. Typical intracellular rickettsiae were seen within the cytoplasm of 
the large serous cells (Fig. 15). 

The Guinea Pig . — Guinea pigs may be infected either by intraperitoneal 
or intradermal inoculation and the site of infection results in slight differences 
in the pathologic pictures. 

Infected bj* iniraperUoneal inoculation with either human or wild rat 
strains, animals exhil)it clinical evidence of illness during the second week — 
apathy, weakness, and dyspnea — and may die about the fifteenth day. 

The gross pathologic findings arc constant and characteristic. The perito- 
neal cavity contains upward of 10 c.c. of cloudy mucinous fluid. The perito- 
neal surfaces are lusterlcss, the capillaries injected. The spleen is enlarged 
and friable ; its surface is lusterlcss and covered with delicate fibrinous exudate. 
The liver is enlarged and covered with a fibianous exudate. Its external sur- 
faces are mottled and reddish yellow and it is also friable. The kidneys and 
adrenals are grossly normal. There is no evidence of external scrotal swelling. 
The tunica vaginalis is usually without gross evidence of inflammation, al- 
though in some instances it may be slightly lusterless, its vessels injected, and 
occasionally punctate hemorrhage may be seen in the polar fat. The testicles 
appear grossly normal. The inguinal Ijmiph nodes maj’^ be slightly enlai’ged and 
grayish pink. The pleural surfaces are smootli and glistening, and occasionally 
a small amount of cloudy pleural fluid may be present. The lungs show vary- 
ing degrees of congestion and sometimes are hemorrhagic. The heart and brain 
ai'e grossly normal. 

Smears of peritoneal exudate and those from the spleen surface are rich in 
large serous cells, many of which contain intracellular I’ickettsiae within their 
cjdoplasm. 

The histopathologic findings include: (1) acute serous peiitonitis with 
serous exudate; (2) acute splenitis with congestion and acute fibrinous peri- 
splenitis; (3) mild acute inflammation of the tunica vaginalis with acute vascu- 
litis and perivasculitis of the vessels of the tunica and polar fat, leiicocrfic in- 
filtration, and fibrinous exudate; (4) acute fibrinous perihepatitis and acute 
hepatic degeneration with cloudy swelling, fatty degeneration, and focal necro- 
sis; (5) acute renal congestion and cloudy swelling of the renal tubular epithe- 
lium; (6) valuing degrees of acute pulmonaiy congestion, occasionally with 
hemorrhage; (7) mild acute focal and diffuse myocarditis, similar to lesions m 
the human being; (8) no typical t>T)hus nodules in the brain, but usual y 
marked congestion with mild perivascular round ceU infiltration. 
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Animals inociilafoii intradinnatlif on tlic aiilefior abdominal wall develop 
a primary ulcer witli elinieal evidence of illness duriu'r tbc second week — 
ajiathy, weakness, and dysiuica. In some animals death may occur about the 
fifteenth day. 

The gross pathologic findings inclinlc a cni.sfed, slightl.v red, cutaneous nicer 
on the anterior abdominal wall at the site of inoculation. The peritoneal sur- 
face.s arc covered with a thin layer of mucinous exudate, hut little if any free 
fluid is present. The .siilccn is ladarged, friable, and deep purplish rod. Its 
capsular surface is Instcrlc.ss but willioiit actual e.xudale. The liver is enlarged 
and friable; its capsular and cut .surfaces arc a mottled reddish ycliow. Tlie 
kidneys, pancrca.s, and adrenals arc normal. Tiicrc is no evidence of external 
scratal swelling. Tlic tunica vaginalis is imlc and glistening. The testicles are 
grossly normal. 

Tlic pleural cavities may eonlain small amounts of cloudy fluid, and tiic 
pleural surfaces may be covered with a sticky exudate. The lungs arc usually 
congested with dark hemon-liagie ai-eas lliroughout. Tiie licart and brain arc 
grossly normal. Smeans of peritoneal exudate and those from the surface of 
the spleen sliow numerous large serous cells, the cytoplasm of which contain 
many intracellular rickctlsiac. 

The histologic fiinlings iuclude: (1) acute primary cutaneous ulcer; (2) 
mild acute serous iicritonitis; (3) acute splenitis willi congestion; {•!) severe 
acute focal encephalitis witli inultiidc characlerislic nodules in ccrclirum and 
pons; (5) severe acute pulmonaiy congc.stioii; (G) acute hepatic degenera- 
tion with cloudy s-wclling, severe fatty degeneration, and focal necrosis; (7) 
cloudy swelling of renal tnlmlar cpilliclinm. 

Xotably absent, in contrast to the intraiieritoncally iirfccted group, is the 
acute fibriiiou.s iierispicnitis, the acute fibrinous pcriiiciiatitis, and the inflamma- 
tion and e.xndation in tlie tunica vaginalis. Tiiis last variation indicates that 
the inflammatory reaction in tlic tunica is a re.suit of direct extension fi-oni the 
peritoneal cavity. However, intradermal inoeninlion leads to involvement of 
the central nervous system and the formation of typical nodules, while 
intraperitoneal inoculation does not. These results are similar to those obtained 
in murine typhus wliero the scrotal reaction appears to suppress the brain 
lesions. 

The White Rat . — Fifteen rats injected intrapcritonoally witii a liuman 
strain of tsutsnganiushi disea.se were killed and antojisied at inteiwals varj'ing 
from the fourth to thirt.v-fonrth day after injection. No gross or histopatho- 
logic findings eonld be attributed directl.c to the rickettsial infection in any ease. 
There was no significant splenic enlargement as compared with control animals, 
end in no instance was there gross or mieroseopic evidence of perisplenic exu- 
date. There was no evidence in anj' ease of external scrotal swelling, and tlie 
tiuiiea vaginalis was uniformly pale, Sticroscopically there was no evidence of 
leucocytic infiltration in the tunica. No nodule.s were dcmoirntrablo in the 
brain. Smears from peritoneal scraping and surface of the spleen were uni- 
formly negative. 

In spite of complete lack of any illness clinically or any positive pathologic 
findings, the infection was shmvn by- Kohls, Arnibrnst, Irons, and Philip to be 
persistent in the bx'ain of each animal.*® 

Bandicoots . — Seven apparently healthy wild bandicoots injected ivith a 
buinan strain of tsntsngamushi disease showed no clinical evidence of illness 
after from twenty-one to twenty-eight days. The animals were sacrificed and 
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thorough axitopsy study revealed no lesions attiibutable to rickettsial infection. 
The spleens were not enlarged; there was no peritoneal exudate. Smeai-s from 
peiitoneal scrapings and spleen surface were negative. Rickettsia could not 
be recovered from spleen or brain in transmission studies by Kohls, Armbrust, 
Ij ons, and Philip.^-' Two uninfected animals killed in the bush were found to 
be identical botJi on gross and microscopic examination with the inoculated 
bandicoots. 

The Wiki Bat . — Six wild rats were caught on a small island veiy heavilj- 
infested with rats, whei'e many cases of tsutsTigamushi disease had occurred. 
These rats apxreared in poor health generally, as evidenced by rough thin coats, 
malnutrition, and sluggishness. However, there was gross or histopathologic 
evidence of disease due to rickettsial infection in only one instance. In this 
case the tunica vaginalis presented mild vasculitis and perivasenlitis with mod- 
erate perivascular infiltration of mononuclear cells, and an exudate of large 
mononucleare, polymorphonuclear leucocytes, and fibrin oa'ci* the tunica at one 
point. No riekettsiae could be demonstrated in tissue sections. There was no 
peritoneal exudate or splenic enlargement, and focal brain lesions were not 
found. (A strain of rickeltsia was recovered by Kohls, Armbrust, Irons, and 
Philip*® from one of several other similar* rats caught at random in the same 
place, but no attempt was made to recover the organisms from the animals ex- 
amined.) 


COXIPABISON WITH EPIDEMIC TYPHU.S AND SPOTTED FEVER 


Epidemic typhus and spotted fever arc remarkably similar to one another 
histopathologically, the most striking differences being the greater tendency to 
thrombosis and hemorrhage in spotted fever. The presence of areas of de- 
myelinization in the brain in spotted fever'-' is a reflection of this greater 
tendency to thrombosis. In general, the tendency to thrombosis and hemorrhage 
appear to a smaller degree in tsutsngamnshi disease than in cither typhus or 
spotted fever. 

The local cutaneous ulcer usual in Isutsugamuslii disease is not seen in 
typhus. A similar lesion, Iiowevcv, occurs in flevre boutonneuse, which is 
a .strain of spotted fever." It is noteworthy that the local lesion in the 
spotted fever group should be associated only with a strain of low mortality, 
while in the tsutsngamnshi group it most often accompanies the highly virulent 
and fatal strains. 

The tendency for the skin rash to become Jiemorrhagic is most pronounced 
in spotted fever and least pronounced in tsutsugamushi disease. These differ- 
ences may lie attrilnited to the more frequent oceurrence of vascular thrombosis 
in the cutaneous vessels in cases of spotted fever and its relative rarity in 
tsutsugamushi disease; epidemic typhus occupies an intermediate position in 


this respect. 

Involvement of serous membranes (pericardium, pleura, and peritonennw 
is an outstanding feature of tsutsugamushi disease in man which is not seen m 
either epidemic typhus or spotted fever. In experimental animals, howeter, 
rickettsial peritonitis occurs in both t.vphns and spotted fever after intraperifo- 
neal injection of riekettsiae but not after subcutaneous inoculation. In tsutsuga- 
inimbi disease, the involvement of serous membranes is independent of the roihc 
nf inoculation. In experimental typhus and spotted fever in the gumea pig, 
„ -..^uis is usually confined to the scrotal sac, where a lower temperatrire ob- 
f 'ns In starving guinea pigs, however, generalized peritonitis, similar to 
tlmt seen m tsutsngamnshi disease, occurs with reguiantj*.'* 
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Tiic viukottsiae of i^iiisugaimislu disease ajipiircntiy have a gi-catei' affinity 
for serosa! ee!!s than tiiovo of either lyjdnis or spotted fD'’W'. 

Tho myot'unVuis is (sitfsitganitisiii disease nppeare to ise identical qtiali- 
tativcly mill Ihnl seen in typhus and in spotted fever, but from our obsorva- 
lions we lielievc tliat it lends to lie rather more severe in tsutsU'tnmusM disease. 
Involvcmciu ot larger vessels, iuelnding the eoroiuirics and the aorta, is perhaps 
somcwliat commoner and more severe than in typhus or spotted fever. 

The almost constant presence of interstitial pneumonia, which, if we arc coi'- 
reet in our interpretation, is of riekellsial origin, has not been desorihed for epi- 
demic typhus. tVolbach and eo-workers, for c.vample, described the lungs in 
regions unaffected by haclcria] piicuinonia as essentially nocmal.i’ It appears 
certain, liowcvcr, fbiil jiiter.stitial pneninmiitis taay ocenr in epidcniie typhus and 
in .spotted fever, hut tlie lesions in these di.s(‘a.se.s apparently are not a.s severe 
iw in tsutsuganuislii di.seaso. 

Gencralired enlargement ot Kmiih nodes, wliieli was present in 67 per cent 
of our cases, also secm.s moro eonimon than in typhus or sjiolted fcs'cr. 

The changes in tlic liraiii are similar m ail essential fcatnras to those seen 
ill typliiK and spotted fever. Tlie foeal le.sions appe.sr identieal. The absence 
of areas of dcmycliniziUioii, sueh as have hcen dc-seribed in spotted fever, is no 
doubt due to the infref(iieii! oeetincnee of Ihrowhotie oeeUisioii in the cerebral 
ve.s.sels. 

ci.i,vinir.irii»i, 0 (ii<; couke/..i tjo.v 

j\n of the fifty-five patients in this series were treated in one or more evacu- 
ation or station hospitals in the fonvard or rear ceheloiis of the combat zone. 
Overtaxed hospital services precluded the recording of any e.vcept tiie most 
essential clinical data or tlie performance of any e.veept the most necessary 
iaboratorj' examin.ifioiis, so that flic clim'eai intoniuition av.siiable was fre- 
(piently meager. Nevertheless, an attempt has been iimdo to correlate the clin- 
ical and pathologic fcatiire.s from the availalilo data. 

flic pathologic findings in our series wliieh may be regarded directly in- 
cident to tile riekettsinl disease are enumerated and amiilificd; 

1. Generalized nento vasculitis and perivasenlitis occurred to .some degree 
in all patients. On a histologic basis the vasculitis could be classified as mild 
with perivascular iiiffltiatioii alone in 37 per cent, moderately severe with peii- 
vascuiar infiltration, endothelial swclUng. and proliferation in 45 per cent, and 
severe with extensive vascular damage, hemorrhage, and occasional thrombosis 
in 18 per cent. To vascular damage may be attributed flic imnetate hemor- 
rhages so coniraonly found in the varioim organs. Store raroiy hemorrhages may 
be sufficiently severe to cause death, as in two patients of thi.s series. Other 
results of vascular damage were flic small iufarets occii.sionaiiy observed in the 
lungs, kidneys, or spleen. 

2. Acute focal or diffu.se myocarditis was a feature in all vases and iva.s 
classified histologically ns miid, without inyoeardial necrosis in 47 per cent. 
Acute serous pericarditis with or without effusion was also commonly present. 
Aeate aortitis of mild to moderate severity was usual. 

3. Acute focal encephalitis with acute serous leptomeningitis, classified 
histologically a.s nioderate, with only oeeasional nodules or punctate hemorrhage 
occurred in 37 per cent; severe with numerous brain lesions in 30 per cent. 
Minimal changes limited to mild perivascular infiltration, hardly justifying 
the diagnosis of oncopiiaiilis, occurred in 33 per cent. 
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4. Interstitial pneumonia, believed to be of rickettsial origin, with or with- 
out acute congestion and edema, was tlie only pulmonary lesion in 45 ])er cent. 
A similar lesion was probably present but complicated by secondary acute 
bronchopneumonia in 46 per cent, Avhile in the remaining 9 per cent such a 
lesion, if present, was completely obscured bj’^ severe confluent secondary 
bronchopneumonia. Acute serous pleuritis with effusion was present in 53 per 
cent. 

5. Acute splenitis with marked acute congestion and enlargement of the 
spleen was observed in 96 per cent of the series, often accompanied by mild 
acute perisplenitis. 

6. Acute generalized lymphadenitis was present in 65 per cent, absent in 33 
])er cent, and not recorded in 2 per cent. Of those cases with acute l 3 Tnph- 
adenitis, three-fourths were classified histologically as mild; one-fourth, as mod- 
eratelj' severe until hemorrhage, focal necrosis, and moderate Ijnnphadenopathy. 

7. Acute primarj' cutaneous ulcer ivith acute regional Ij’^mphadenitis was 
present in 89 per cent of our eases. 

8. Acute hepatic degeneration with or without enlargement had taken place 
in 76 per cent. Of this group, approximatelj' three-fourths showed only mild 
toxic degenerative changes with cloudj' swelling and fatty degeneration, while 
tlic remainder exhibited severe hepatic degeneration with acute hepatitis and 
focal necrosis. Moderate .iaundice ivas present clinically in two patients and 
minimal in two others. 

9. Acute, focal, intei'stitial renal lesions were present in 76 per cent of the 
group ; in one-half of these there was also moderate focal vascular and glomeru- 
lar damage and inflammatoiy reaction. Cloudy swelling of the renal tubular 
epithelirrm was constant. 

CLINICAL M.\.NIFEST.VTIONS IN FATAL CASES 

Prodromal sjouptoms develop after an eight- to ten-day incubation period 
and consist principal^ of malaise, headache, chills, and fever. Between the 
fourth and seventh days of the febrile period a macular rash appcai-s, fimt on 
the face, later spreading to extremities and trunk. The axillary and inguinal 
IjTuph glands are frequentl}' painful and tender. Cough, partial deafness, and 
generalized bodj’' hyperesthesia ai-c usuall.v present. The temperature is sus- 
tained and ranges from 103 to 105° F. 

Several different chains of symptoms may appear as the disease progresses: 

1. Cii'culatorj’- failure, evidenced bj’- increasing pulse i-ate and falling blood 
pressure, rapid shallow respirations, cjmnosis, sweating, and cold clammy skin, 
generalty appears in the second week. This syndrome, usuallj^ diagnosed clin- 
ically as peripheral vascular collapse, closelj'- resembles that seen in surgical 
shock. Less frequently circulatoiy embarrassment occurs which is referable 
to acute mjmearditis. 

2. Widespread central nervous system involvement is manifested by twitch- 
ing.s, weakness of skeletal muscle groups, delirium, convulsions, and coma. 

3. Pulmonaiy s.mniitoms sometime predominate. In some cases clinical and 
roentgenographie examination is suggestivm of virus pneumonia; in others spu- 
tum examination reveals the secondaiy bacterial nature of the disease. 

4. Barelj' hemorrhage may lead to a sudden fatal issue. 

5. Clinical evidence of renal insufficiency is notablj’’ absent. However, su^ 
sequent to this studj-, one ease was observed in which edema and gross hematuna 
were present. 
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6, III acWitiou to the symptoms which can he primarily attvibulcd to tlic 
rickoltsial disoasc, some iwtients present disturhaiiecs rofcrable to coraplieat- 
htg or secondary diseases. This was particularly true in the group in which 
the coiu'se o£ the disease was prolonged. Bronchopneumonia was present in ap- 
liroximately one-haiE o£ the gi-oup. Acute malaria was a complication in eigiit 
of onr patients and suppurative parotitis in one; and nonsjX’eific diarrhea was 
frequent. 

Deativ usually ooeiirs toward the end of the .second or in the early du.vs ot 
the third week. In onr series, 95 per cent of the dcatlis occurred between the 
iiiiiili and twentieth day of the disease, inclusive, tlie average iicing 14,6 days. 

C,\CSLS or 1>K.\TU 

Clinically, death wa,s ascribed to circulatory failure in aliout ouc-third of 
the patients, to respiratory failure in about oiie-tlurd, and to ecrehral involve- 
ment and miscellaneous coniplie.alions in the remaining third. 

1. Generalized acute vasculitis was a constant fimling in onr eases. Wood- 
ward and B!and’= recentiy linve enipliasize<l the imporlimee ot tiiis lesion as a 
cause ot death in typhus fever Our studies indicate that their conclusions may 
apply equally to tsutsugamushi disease. We regard as import.anl the concept 
(hat patients wilii riekettsi.ai vasculitis may die from peripheral circulatory 
eollapse with its attendant physiologic distnvliance just as surely as though they 
were snfl'ering from .surgical slioek. L'nforlunatel.v, tlic clinical study of our 
cases did not distinguish sliaiply hetweeu pcripheinl circulatory collapse and 
inyoeavclial failure. Woodward and Bland did not encounter a single instance 
of congestive heart failure in their scries ot thirty cases, two of which terminated 
fatally, 

2. ICyocarditis w.s.s a constant microscopic finding but was considered to be 
severe in only about bait of our patients. In patients dying early (hetween 
the ninth and tweUtli days of illness), severe myocarditis was somewhat more 
common tlian in those ds'ing later. 

The myocarditis is difficult to cvaln.atc as a cause of death. Wo do not be- 
lieve that it is of great importance when mild. In the more severe cases of 
tsutsugamushi disease, liowever, with degenerative changes in the myocardial 
fibers, death may be dne to myocardial f,ailurc. 

Six patients in this scries were treated with sulfon.amidcs, which pi’obably 
have a detrimental effect in typhos**' and spotted fever.*‘ 

As pointed out by Yeomans, Snyder, Muri-ay, Zarafouetis, and Beke,^“ 
penicillin is the bacteriostatic agent of choice in secondary bacterial infections 
complicating epidemic typhus and would probably be safer in tsutsugamushi 
disease. Sulfonamides have been shown to cause myocarditis, rather similar to 
riekettsial myocarditis, in seasitive individiiais.^' These drugs, however, were 
obviously not an important factor in the myocarditis described in our patients. 

3. Encephalitis was present in variable degree in practic.ally all of our pa- 
tients. Severe encephalitis and involvement of the central nciwous system were 
definitely more common in patients dying after the fourteenth day of illness. 
Gci'chral involvemeut ptobahly is the most important cause of death in about 
one-third of all cases, particnlavl}- if the patient remains in stupor or coma for 
several days before death. 

4. Bcnal lesions are common, but at present we cannot evidnato them as a 
cause of death. Correlation of tlie lesions with renal function is difficult, be- 
cause only rarely were urinalyses or functional tests recorded. However, it 
way he said that of the eight patients with mild focal interstitial lesions in whom 



660 


SETTLE, PINKERTON, AND CORBETT 


urinalyses were reported, five showed albumin 2 to 4 plus, with hyaline and 
granular casts and pus cells, while of the other three patients, urinalysis on ad- 
mission was negative but the test was not repeated. Of the four patients with 
acute glomerulitis in -whom urinalysis was recorded, albumin 2 plus, with 
numerous granular casts and ciythroeytcs, was present in three, while in the 
fourth, urinalysis Avas negative on admission and not repeated. 

Blood chemistiy Avas reeorded in but one patient and the blood urea nitro- 
gen Avas elcAmted to 59 mg. per cent; the typical renal lesions Avere mild Aiuth- 
out severe glomerular damage. In a fatal ease not of this series, nitrogen re- 
tention Avas marked ; the inflammatory reaction Avas severe. 

Yeomans, Sn.vder, hlurray, Zarafonetis, and Ecke-“ obseiwed that epidemic 
tjqihus frequently produced severe impaiment of renal function. 

5. The interstitial pneumonitis AA’hieh Ave regard as of rickettsial origin 
is believed to occur almost eonstantlj'- in tsutsugamushi disease. This condition 
probably paves the Avay for bacterial pneumonia, but Avhether it is ever alone 
the cause of death is problematic. HoAvcA'er, in one ease seen folloAving this 
studjq the clinical picture Avas that of pneumonia. The lung changes Avere A'Ciy 
severe and entirely of the intei-slitial type, and it Avas thought that death Avas 
attributable to the primaiy pneumonia. It is of interest of note that clinical and 
roentgenologic evidence of “atj'pical” or “A-irus” pneumonia is mentioned fre- 
quently as a part of the picture of tsutsugamushi disease. 

Secondary bronchopneumonia accounted for death in about 20 per cent of 
our cases, most frequentl.v Avhen death occurred betAveen the ninth and twelfth 
days of illness. 

6. In discussing the cause of death, mention should be made of the possible 
importance of toxins set free from rickettsiae and circulating in the blood. Al- 
though this factor has not been carefully studied in tsutsugamushi disease, it is 
probably important. It ma.v account for the diffuse myocarditis, but probably 
its greatest importance lies in the effect of the toxins on the peripheral capil- 
laries. It may pla 3 ' an important part, perhaps cA'en a more important part 
than the rickettsial A-a.sculitis, in bringing about peripheral circulatory collapse. 

SUJIJIAKY AND CONCLUSIONS 

A description of the lesions of tsutsugamushi disease in man, based on the 
study of fifty-five fatal cases, is presented. In general, the picture is that of 
acute generalized endangiitis, vasculitis, and perivasculitis, the lesions resem- 
bling those seen in epidemic tj'phus and spotted fever but Avith the foIloAA'ing 
differences; (1) A primaiy local ulcer is almost constant^ present; (2) local 
lymphadenitis is almost constant and generalized lymphadenitis is common; 
(3) vascular thrombosis is less conspicuous than in tjqihus and much less con- 
spicuous than in spotted fever; (4) the cutaneous eruption veiy rarely becomes 
hemorrhagic; (5) rickettsial pericarditis, pleuritis, and peritonitis are common, 
Avhile these lesions are not seen in typhus or spotted fever; (6) interstitial 
pneumonitis, believed to be of rickettsial origin, is almost constantly present; 
(7) inflammatory lesions of the larger arteries, notably the aorta, are appar- 
entlj' more conspicuous than in tj-phus or spotted fcA'cr. 

The strains of tsutsugamushi disease studied Avere readily transmitted to 
the Avhite mouse and to the guinea pig by the intraperitoneal .injection of blood, 
pericardial fluid, pleural fluid, or peritoneal fluid. A conspicuous feature ot 
the disease in experimental animals, regardless of the route of inoculation, is 
the occurrence of mucinous peritonitis Avith many serosal cells containing 
rickettsiae. - Such a lesion does not occur in typhus or spotted fever except m 
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stan'ini? aiumals. The pat}iologic picture in the gtiinoa pi^ resembles that in 
man, A scrotal i*caction iloea not omir. Focal brain lesions ^verc lound only 
after suheataiicoiis inoeiilatiou- 

SrorphotogicaHy, JL resembles tlic inchettsiae of typhus* and 

spotted fever, with miiuir (lilTen‘nct\s' which arc perhaps noi constant, i?. 
tsutsuffamushi does not distend cells as does IT. proivaschi, hut the organisms 
lend to form loose intraccUniargmnpsof from ten to sixty organisms. 

The cause of <}cnl)) in tsutsugamushi disease is d'iscu.s.sed iu the light of the 
lesions. It is }R'Ii(*ve<l that peripin-ral circulatory colIap.se, cmpluisi^cd as a 
cause of death in cjndcmic tv)>hn.s by Wnodwiird and Illand, is likewise of out- 
standing importance in tsutsugimaisbi di.scasc. The nijwardial and cerebral 
lesions are also believed to be important {‘intsoH of death. Scoondaiw bronebo- 
jmciunonia wa.s the eanse of <h\n!h in about 20 per cent of our j)aticiits. 

TijG authors nrc indet'toU to the oiany officers of the U. S. Arjoy who submitted ma* 
terinl for this slady. C A, Armbtust flint Captuifi Edain X". Irons curried out the 

bactoriotoffic procedures. Vwliiflldo ttvhfljcn) n.*.s««ttRnce «rts rendered by C, W. Strong' 
man, Gpl. V. A. Prctler, and T/5 A. M. S<*h«ttz. I'fc. C. Cl. 3?eekcr ga\e tirelc3<« clerical 
n‘»!iotan<'C. 
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CONGLUTINATION TEST POE EH SENSITIZATION 


Alexander S. Wiener, A.B., M.D. 
Brooklyn, N. Y. 


U NTIL recently, it was not clear why some individuals exhibited clinical 
evidence of marked sensitization to the Eh factor, yet the usual in vitro 
agglutination tests failed to reveal the iircsencc in their sera of anti-Eh agglu- 
tinins. These puzzling eases have been explained, at least in part, I)y the dis- 
cover^’ of the so-ealled Eh blocldng antibodies,' which ar-e characterized by 
their ability to combine specifically with Eh-positive cells but without pio- 
ducing a visible reaction. In fact, clinicallj'’, these blocking antibodies .appear 
to be of greater significance than the Eh agglutinins. To detect their presence 
in cases where Eh agglutinins ai-e not demonstrable, I have used the following 
technique; First, a drop (.05 e.c.) of a 2 per cent suspension (in terms of blood 
sediment) of Eh-positive red cells in saline solution and a drop of the patient’s 
serum are mixed in a small test tube and allowed to react in a water bath at 
38° C. for from thirty to sixty minutes. Then a drop of a suitable dilution of an 
active anti-Eho agglutinating serum is added, and after an additional incubation 
period of from thir-t}- to sixty minutes, the reactions are read. If blocking anti- 
bodies ai'e present, no agglutination will occur, or the clumping will be markedly 
weakened. 


In my hands' and in the hands of other investigators,-’ ^ the blocldng test 
has proved a useful supplement to the usual agglutination test for Eh sensi- 
tivity, Puzzling intragroup hemolytic transfusion reactions, and instances of 
congenital hemolytic disease in which the maternal serum contains no denions- 
ti’able Eh agglutinins, have been clarified w'itli tlie aid of the Eh blocldng test. 
However, while the test is satisfactoiy as a diagnostic aid in cases of hemolytic 
disease, it has certain shortcomings w’hen used as a compatibility test before 
blood transfusions. First, the blocking test takes twice as long as the ordinaiy 
tube agglutination tests; second, potent anti-Eh,, senun is not alwaj’s available. 
These objection have liecn met by Diamond and Abelson’s simple slide test for 
Eh sensitization.' In this test, 0.2 c.c. of a concentrated (50 per cent) suspension 
of the test cells suspended in oxalated plasma or saline, preferably the former, is 
mixed Avith 0.1 c.c. of the patient’s serum on an open slide. The test is attractive 
because of its simplicity, and the rapidity with which the reaction occurs is an 
advantage wdien the metliod is used as a compatibility test. The test is sensitive 
and, as Diamond and Abclson report, it gives positive results whenever either the 
tube agglutination or blocking tests are positive. These workers ascribed the suc- 
cess of their slide test to the use of heavy blood suspensions which, they stated, 
absorb the blocldng antibodies, leaving the concealed agglutinins presnmab j 
present in the same seram free to act. Diamond and Abelson also state that the 
method is not suitable for determining the Eh blood types but offer no ex- 
planation for this. The slide test has the disadvantage that the muxtures dry 
rapidly because of the large suifface, so the preparations are very perisha i e 
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and tiic reactions must lie read promiitly. 3[orcover, the licavy blood sus- 
pensions and large surface on tlie slide favor the oecnrrcnec of troublesome 
rouleaux which at times are dilTicult to distinguish from true agglutination, 
while the thickness of the suspensions interferes with the microscopic read- 
ing, so that ns a rule tlie readings have to be taken with tiic naked eye. Tlie 
method also has the disadvantage that each blood serum must be tested sepa- 
ratclj', so that the tcchniijuc is not as convenient as tlie tube tcehnitjuo for 
multiple testing. Accordingly, in the ))rcscnt pajier 1 propose to describe a new 
tube tost for Rh compatilnlity, and at the .same lime 1 .shall offer an explanation 
for the reactions ohserved in Diamond and Abcison's slide test and Chown’s' 
related capillaiy tube test. 

The new teebniiinc of Rh testing described here differs from the standaixl 
method in the substitution of normal, compatible human plasma or serum in 
place of saline solution ns a diluent in the tests. That is, all the blood suspen- 
sions arc prcjiared in the usual nianiicr and strength (2 per cent), except that 
senim or pta.sma is used as the diluent instead of saline. The serum being 
examined for Rh antibodies is tested imdilnted or, if it is tc.sted in dilutions as 
in titrations, compatible scnim or pbasnia is used as the diluent instead of 
saline. For reasons which will soon become evident the name “conglutination 
test” is proposed for the now test, in order to distinguish it from the common 
agglutination test. 


T.mtE I. CoMr.\r.isos or Coxoi.oTis.MaoN-, -tor.i.uTis.r’nos, Axn Bi/ickino Tests os 
.SEE-r Faoii Uii Xro.iTin: P.vtiexts 
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, 'Tlie conelutinatlon and ngBlutlnation tests wcic set up in sninll test tubes by mixing n 
anp of a 2 per cent blood suspension (type Rho) with a drop of the scrum being tested. In 
me agglutination tests, tlie blood cells were suspended In saline solution, a-hlle in the conglu- 
taatson Vests, the blood cells were suspended In plasma or scrum. 

tCl , Blocking antibody present ; 0, no blocking antibody detectoil. 

In Table I is given a rcpi'cscntativc experiment in -which the results of con- 
glutination, agglutination, and blocking tests arc compared on a series of blood 
sera from Eh-negativc patients who were being tested for Rh sensitization. It 
will be seen that in evorj' instance where agglutination was obtained in the usual 
tube tests, or wlierc a positive blocking reaction occiuTcd, stixing clumping oc- 
curred in the conglutination test, while in no instance where the usual agglutina- 
tion and blocldng tests were both negative did clumping occur in the conglu- 
tination test.* The conglutination I'caetion appears to be far less sensitive to 
diffei’cnces in temperature than is the usual agglutination reaction. Therefore, 
conglutination tests may be carried out at worn temperature, which is an ad- 
vantage if the conglutination test is used to determine compatibility preliminary 
to blood transfusion. 

The name “conglutination test'' was selected because of the resemblance of 
the reactions to the so-called eonglutinin (eo-agglutinin) phenomenon, which 
bas been observed particularly in tests with bovine sera.®*® 'When red cells 

'Subsequently, sera ba%’e been encountered which showed no Bh antibodies in the ag- 
.‘■.‘““f’atlon or blocking test, but in which Rh antibodies were demonstrated by the conglu- 
’matlon test. 
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(or bacteria) have been sensitized by their specific antibody and bovine senim 
is added to the combination, a pronounced coiiesive and massy clumping of the 
sensitized cells occurs. BoAune scrum alone has no effect unless the cells haA’e 
been specifically sensitized. This phenomenon of “secondary molecular ad- 
hesion” is due to the presence in the bovine serum of a colloidal substance (pos- 
sibly one or more of the serum proteins). Tlie test described here occurs 
equally Avith fresh human serum oi> plasma, and Avith serum that has been heated 
at temperatures as high as 60° C. for thirty minutes, proving, that the substance 
in question is not complement. On the other hand, cA’en slight dilution of the 
serum or plasma Avith saline solution eliminates or AA’cakens the reactions, prob- 
ably because of the effect of the dilution on the colloidal properties of the serum. 
Tile substance apjiarently is ad.sorbed ooIa* after Rh-positiA'e cells haAm been 
sensitized by the addition of either Eli agglutinins or Eh blocking antibodies and 
then brings about massive clumping of the red cells, 

I believe that Diamond and Alielson's slide test and ChoAim's capillary tube 
lest are both based on the same conglutinin phenomenon. Diamond and Abel- 
son’s hypothesis, tliat the e.vcessivc number of red cells used in the test absorbs 
the blocking antibody, leaving the agglutinins present in the same serum free to 
act, is contradicted liy my observers because the reaction can also be brouglit 
about by sera containing blocking antibodies Avithout agglutinins and in tests on 
diluted blood cell suspensions in serum or plasma. In their original report, 
Diamond and Abelson stated that the slide test could be carried out on 50 per 
cent cell suspensions of red colls in saline as Avell as plasma, hut AA'hen I. tried to 
duplicate the slide test Arsing saline suspensions, I failed to get any convincing 
clumping.*' Tlic reason for this is noAV obvious, because the AA’a.shed blood cells 
diluted in saline did not contain sufficient conglutinin. With regard to Diamond 
and Abelson ’s remark concerning the un.suitability of the slide test (and this 
AA'ould apply also to ChoAA-n's capillary tirbo test) for detennining the Eli blood 
tjqjes, this does not hold aa'Iicu antisera containing the agglutinins anti-Rho, 
anti-Rh', anti-Eh", and anti-Hr separately are used in the tests. On the 
other hand, if the anti-Eh' and anli-Eh" reagents have been prepared from 
anti-Rh/ and anti-Rho" sera by the addition of anti-Rlio blocking serum, 
or if natural anti-Eh' and anti-Rh" sera containing Rlio blocking antiliodies are 
used, Eh typing AA'ill not he possible because the blocking antibodies themselves 
AAull bring about the clumping nndcr the conditions Avhich exist in Ike slide 
test and capillary tube test. 

Incidentally, all the blocking sera obtained liy me to date (and also by Eece 
and Ta3dor^) haA’e had specificities corresponding to anti-Rho. Apparently, 
blocking sera of specificities corresponding to anti-Eli', anti-Rh", and anti-Hr, 
like those described by Diamond and Abelson, = must be extremely rare. 

The clinical and theoretical implications and the practical applications of 
the neAv conglutination test for Rh sensitization are manifold. Pii'st of all, it 
supplies the missing link to the problem of the pathogenesis of congenita 
hemolytic disease (erythroblastosis fetalis). Up to iioaa-, tlie descriptions of the 
pathogenesis of congenital hemolj'tie disease haA’e failed to take into accoun 
the colloidal state of the infant’s or fetus’ oAvn blood serum, Avhieh presumaW} 
Avould be quite different from that of adults. (Investigations on conglutuim 
in fetal and infant’s sera are noAv in progress.) Tlie puzzling observation tJia 
infants appai’entty nonnal at birth maj’ suddenly exliibit clinical signs o se 
vere hemolysis Avith resulting death Avithin several hours or days may be dne 


mf «lls Slobuiin were unsuitable for the test. 
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to llic effect of the conghitiiiiii, which perliaps does not appear in the infant’s 
serum until shortly before or after l)irth. Titration tests on maternal sera using 
the conglutiniu technique have in ii few ciiscs revealed the presence of high- 
titcred niv antibodies where the usual tests showed the presence of only weak 
agglutinins or blocking antibodies of low tiler. An important practical applica- 
tion is that the conglutinalinn test, like Diamond and Abelson’s slide test, makes 
available for use for Kh testing ( determinations made with anti-EIio antibodies 
only”) numerous sera wbieh up to now have been discarded as unsuitable for 
use. By increasing tlio supply of anli-Kli senim, the conglutiniu test should 
considerably increase the clinical nsefnincss of the Eh diagnostic tests; for 
c.'caraplc, for prenatal testing of pi'cgnant women. 

While the technique described donates from that customarily used for 
Eh agglutination, actually it is simpler in certain respects, Fiist, the reactions 
appear to be almost as strong at room temperature ns at body temperature so 
that use of a water bath or incubator is nnncccssaiy. Second, it is unnccessarj’ 
to wa.sh the cells; in fact, washing Ibc celts is to be avoided. While it is desir- 
able to obtain tlio blood to be tested by venipuncture, this is not essential if 
this is not feasible, because the rod cells can be suspended in group AB scrum 
(or plasma) stored in the refrigerator or any scrum of a compatible group. 
Blocking scrum can be used a.s an anti-Eb,, agglutinating reagent like ordinary 
anti-Eho seimm, if tlio isoagglntinins they contain are neutralized by the addition 
of dried A and B substauees,'* and the sera arc diluted to the desired titer with 
inactivated group AB .scrum instead of saline. Of course, the blood cells being 
tested must bo suspended in serum instead of saline. 

The observations reported may serve to rceoneilo the opposing views con- 
cerning the specific or nonspecific nature of the second stage of the agglutina- 
tion and preeipitation reactions.” With Uerman, I have observed” that in 
muted agglutination systcm.s where diluted sera arc used, the agglutination is 
specific so that each clump contains cells of the same kind only. In tests uitli 
undiluted sera, on the other hand, mixed clumps were obtained. Probably, in 
the latter in-stanee we were dealing with the conglutinin phenomenon rather 
than with a typical agglutination reaction. It seems that in typical agglutina- 
tion reactions tlic second stage as well as the first stage is specific, while in con- 
glutination reactions the second stage is nonspecific. Similar effects probably 
hold in the ease of precipitation reactions,*’ except that in the precipitation 
tests undiluted scrum is used more often than in agglutination tests. 

Experiments are in progi'css to apply I he conglutination reaction to other 
antigen-antibody systems. For example, it may prove possible to improve the 
speed and intensity of the reactions of anti-A and anti-B gi'ouping sera with the 
aid of this phenomenon. In fact, it seems likely that the increased avidity which 
is exhihited by the antisera prepared by globulin fractionation may be e.xplaincd 
on this basis. As another example, the test may prove imefu! in explaining tlie 
pathogenesis of the so-called aetpiired hemolytic anemias,” Under certain con- 
ditions, a sudden breakdown of blood cells may oeeur ; for example, due to in- 
fection with virase.s having an affinity for erythrocytes, or the action of 
hemolj-tio poisons (sulfanilamide, fava bean, etc.) , during the crisis of familial 
hemolytie icteras, from infectious agents (malarial parasites, streptococcus 
hemolyticus infections, etc), trauma (hemorrhage into tissues with fox-mation 
of largo hematomas), etc. A.s a role, after rceovei-y from the acute inailt no 
sequelae result, but in rax-c susceptible individuals, one could conceive that 
the elimination of the do.stroyed red cells may result in the production of auto- 
antibodies. These autohemolysins could dcsti'oy more of the indiridual’s red 
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cells, and a vicious cycle could result with the picture of a protracted liemolnie 
anemia sometimes eonfiiniing long after the initial noxious agent has ceased 
acting. One difficulty witli this theoiy is that attempts to demonstrate avito- 
antibodies in the patient’s serum have up to now yielded equivocal results in 
the great majority of eases. Thus, when autoagglutinins were found, these 
mostly were active only at low temperatures and so did not differ from the cold 
autoagglutinins occurring normally in the sera of most indiriduals, except for 
their titer. Recently, in a case of acquired hemolytic anemia, b.y using the con- 
glutination technique, I succeeded in demonstrating autoagglutination in vitro 
at body temperature as well as in the refrigerator. If in future cases of ac- 
quired hemolytic anemia the conglutination te.st proves equally successful, this 
may help solve the problem of the palhogeiicsis of these obscure anemias. 


COJl-AIENT 


It may be of interest to review bow tlie test-tube conglutination test for 
Rh sensitization described here ivas developed. Wlien the report of Diamond 
and Abelson appeared, describing their inqiortaut slide test for Rh sensitiza- 
tion, naturallj'- an attempt was made to reproduce tlieir results in our laboratory. 
Wlien 50 per cent blood suspensions in saline solution were used, one of the 
alternative methods mentioned in their article, the results wore unconvincing. 
A visit was then paid to Dr. Diamond’s laboi-atory at Ids invitation, where he 
gave a most impressive demoiistration of the test. ^Vlien again, upon returning 
to our laboratory, despite Dr. Diamond’s demonstration and e.xplanation of the 
slide test, we were still unable to duplicate liis results, it was decided to in- 
vestigate the meclmnism of the reaction in an attempt to explain tlie discrepancy. 
It was then found tliat it was not tlie strength of the blood suspension but the 
avoidance of the inti'oduotion of saline solution into tlie mixture that spelled the 
difference between success and failure in the test. 

For practical purposes, as in compatibility tests before blood transfusions, 
or wherever a rapid diagnosis is essential, tlie slide test of Diamond and Abelson 
win be the method of choice. TJic conglutination test lierein described may 
prove most useful for more precise work, particularly in more exacting theo- 
retical investigations. 


While this paper was in press, an investigation was started to determine the results 
of slide tests and tube conglutination tests on the serum of infants with hemolytic disease. 
With the aid of these techniques, Eh antibodies have thus far been demonstrated without 
difficult}' in three successive cases. Significantly, the blood cells of these infants were onlj 
weakly agglatinated or failed to agglutinate with standard anti-Eh„ serum in agglutma 
tion tests carried out by the customarj' tube technique, presumably due to adsorption onto 
the surface of the infant ’s cells of Eh„ blocking antibodies derived from the mother tiiroug' i 
the placenta. In support of this idea was the observation that in the slide test an /or 
tube conglutination test, autoagglutination of the infant’s cells by its own serum v as 
readily demonstrated. This also explains the occasional paradoxical reports submit e 
laboratories unaware of this phenomenon that the infant as well as the mother is 
negative (or belongs to tjqie Rh' or Eh") even though the infant has hemoljtic 
Investigations are being conducted to determine how long the Rh antibodies 
the infant’s circulation. In one infant, treated by two transfusions of a total o ^ 
of Eh-negative blood, Eh antibodies were still demonstrable two weeks after bir i 


carried out with dilutions of the infant’s .serum .as high as 1:5. , 

In the meantime, our attention has also been called to the important mono^ap 
0 _ Pedersen (Ultracentrifugal Studies on Serum and Serum Fractions, Uppsa a, 

1945) in which are described observations of significance in relation to the congiu im 
lost Pedersen discusses in detail a so-called X protein, which makes up ~ , 

ner cent of the total serum proteins and is a protein of very high molecu ’ renJih’ 

Lting of a complex of albumin, ^Jobnlin^and^phospholipid. X protein dissocia s 
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upon slight dilution vvitU snlinc Folution, hke tho colloidal suhatancc respouhiblc for the 
conglutination reaction, and olisor^atkon- on at lea«t one indi\5dual suggest that it may 
he increased as a result of iiunmnirnlion. Moreover, in cow V fetus and newborn calves 
and foals, Pcderhcn has found a ghdiuhii i»f low molecular weight, ntimcd fetuin by him, 
which may be a precursor of one of the con'«titHents of X protein. Fetuin is present only 
in .“mail amounts in hutnnn umbiiical ronl Idood, which is in line with the suggestion made 
in this paper that there may be u change in the colloidal properties of human serum to- 
ward the end of pregnancy or at about the time of birth. 
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A hew lube test (cdiuglutination tost) for Rh sensitization has been de- 
scribed. Titc technique entails the use of led cells susi^cndcd in compatible hu- 
man plasma {or serum) instead of .saline solution, Avhilc the scrum being e.x- 
amiued for its agglutinin content is tested cither undiluted or diluted with 
plasma or serum. Dilution of the mixture with .saline solution or any other 
crj‘stalline solution is strictly avoided. Positive reactions arc obtained in all 
cases where the serum being tested contains Rh agglutinins detectable for the 
usual tube technique and/or Rh blocking antibodies, -so the rc.sults arc similar to 
those obtained by the slide technique of Diamond and Abclson. The reaction 
.seems to depend upon a thermostable colloidal substance in the scnim (or 
plasma) which brings about massive aggiiUination of Rh-positivc cells but ouly 
after they have been sensitized by tlieir specific antibody. 

The obsen-ations dcscrilied supply one of the missing links in the theories 
of the pathogenesis of congenital hemolytic disease and intragroup hemolytic 
transfusion reactions, ilorcovcr, like Diamond and Abclson ’s slide test, they 
help increase the supply of Rh testing serum available for clinical use by render- 
ing useful sera that arc of no value in to.sts performed by the customary tech- 
niques. 
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THE DETECTION OP EH SENSITIZATION: EVALUATION OP TESTS 

POE EH ANTIBODIES 

Louis K. Dmsioxo, M.D., Boston, IIass., ant) Neva i\f. Abelson, M.D. 

Phioaoeepria, Pa. 

T he detection of Eli sensitization is a problem ’ivitli whieli timse ivho deal 
ivitJj Wood ti’ansfijsiou or ‘with obstetric i^aticnts are freqnentlj faced. As 
u’e’ 3la^’^e previoiisly pointed ont, the laboratory recognition of such sensiti- 
zation may avert or resolve hemolytic transfusion reactions. All too frcguenflr, 
patients are exposed to tlio discomforts tind hazards of incompatible transfusion^ 
or denied further transfusion, because a previous reaction ba-s not been satis- 
faetoi’ily explained. A substantial number of tliese patients can he treated 
successfully if the clinician has rccmu’se to adequate means of detecting the 
source of inconipatibiIit.y. Purtherinore, the employment of a reliable method 
of detecting Eh antibodies is an important aid in the management of preg- 
nancies of Ell-negative women wliose husbands are Eb positive. Many couples 
who have learned of the importance of the Eh factor, but who liave acquired 
inadequate information oi' miseoneeptiovs concerning it, come to the physician 
with questions and with apprehensions with whicli bo can deal honestly and 
eapablj^ only if he has at his disposal satisfactory methods for Eh typing and 
for determination of Eh antibodies. Trustwortliy reports of the absence of 
antibodies are reassuring both to the physician and to the patient. Unfor- 
tunately, the idea has become prevalent that most of the complications of 
pregnancy (and particularly miscarriages and abortions) in Rh-negative women 
are due to Eh incompatibility. This misapprehension can best be corrected by 
the provision of accurate and convincing laboratory data. Moreover, the 
demonstration that antibodies are present serves as a guide for prognosis and 
permits mobilization of the safeguards noiv available for the mother and the 
erythroblastotic infant, thereby converting these delivezdes from unpredictable 
emergencies into medical prolalems over -which a certain amount of control 
can be exercised. 

In the past, the laboratory confirmation of Eh sensitization has usually 
been dependent upon a single test which has proved inadequate in as many 
as from 40 to 50 per cent of instances. Laboratoi'y means for detection of Bb 
antibodies have, therefore, gained a poor reputation. Howei'er, not a single, 
but several, methods of detection are now available, and it seems worth Avliile 
to assess their value as laboratory aids to clinical medicine. These tests me 
conveniently discussed herewith. 


the biologic test 

The biologic test has been proposed and used by Wiener and co-workers." 
It involves the injection of a quantity^ (50 c.c.) of Eh-positive cells into t m 
Rh-negative patient suspected of possessing abnormal antibodies, or the m, 

Etotn the Children's and Infants’ Hospitals and the Department ^'iVtnqdvanit^ 

■Mrdical school, Boston. Mass., the Department of Pe*atncs, University of Penngji a 
vfd cal school. Philadelphia, and the Blood Grouping Lahoratorj, ty 

A part of the tvork described in this ’^^L^°"A”gM|ntfn,f"ReTearc” a?^ Develop- 

We Cmumittee on Medical Kesearch between the omce of boientmo ueseaicn 

menl aP<l Harvard College. 
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jctttiou of this anmimt of blood from a in'oposed donor into a patient who has 
had a prevoius transfusion reaction. After an hour, the patient’s plasma and 
serum arc compared witli plasma and scrum dran-n at the beginning of the 
test. H there is a change in the depth of the color of the plasma and scrum 
(that is, an increase either in biliruhin or in free liemoglobin), the blood given 
is assumed to be incompatible. If there is no alteration, and an emergency 
exists, a full transfusion is given. If time permits, however, the test is re- 
peated witli a second nO o.c. Care must he tiihon that factors tending to 
hemolyze the red colls arc eliminated nr avoided, and it is for this reason tliat 
specimens of both serum and plasma are withdrawn. 

The tost has ohvions clinical disadvantages. Besidc.s necessitating several 
venipunctures over a eonsiderahle period of time, it presents, first, the im- 
mediate danger of transfusion roactum. Highly sensitized p.aticnts (whose 
antibodies have in the past often been diflloult to detect in vitro) may liave a 
moderate reaction to as little as 5 or 10 c.c. of incompatible blood, and the 
reaction to as much as 50 or 100 e.e. nmy t)e one of serious proportions. In one 
case which we observed, eliills, fever, and alrdoniinnl pain followed t!ie intra- 
venous injection of only .5 e.e, of parked red cells into a p.iticnt who had pre- 
viously been delivered of a Imhy with erythroblastosis fetalis. Second, tlic 
injected red cells are ]iotcntially antigenic, Tliere is no doubt that the infusion 
of 50 or 100 c.c. of Rh-positive blood info an Rh-negativo person (and espe- 
eially a woman in the childbearing age) may be a factor in initiating or 
restimulating antibody production. The use of the biologic test is, therefore, 
no longer justified except in the rare case where in vitro methods may yield 
equivocal results. As Weiner’ has pointed out, this test was never meant to 
supplant, bnt rather to supplement, the in vitro detection of sensitization and 
was intended only for emergency situations when laboratory asshstance is not 
readily available. It is especi.ally no longer necessary since tbc open slide test 
and its test-tube modification (described later) are now .available for depend- 
able detorraination of Rh antibodies. 

THE MODIFIED COMP.ITIBIUTY, OR TUBE-IN’CUn.\TIOM, TEST 

Iicvinc' found tlmt Rh agglutinins studied by him reacted more intensely 
at 37° C. than at 20° C. and suggested that incubation was essential for their 
detection.’ He recommended that in performing compatibility tests in eases 
where isoimmunization might be a factor, the patient’s serum and the prospec- 
tive donor’s cells be incubated for from fifteen to thirty minutes at 37° C. 
The method has been modified for detection of Rb antibodies as folloivs : 

'fwo drop.? of a 2 per cent suspension of Group 0, Rh-positive red cells in 
normal saline (roughly one full drop of blood to about 1 c.c, of saline) are 
placed in a small test tube. Two drops of the unknown serum are added. 
After shaking, the tube is placed in a 37° C. water bath for one hour, then 
gently agitated and centrifuged at 500 revolutions for one minute. The char- 
acter of the cell button is noted (a smooth outline is characteristic of the 
negative test). The tube is then gently tilted a half dozen times, to loo,sen 
some of the sediment from the bottom of the tube, and observed. Gross 
clumping can be .seen with the naked eye or with the aid of a hand lens. If no 
gross clumping is observed, a drop of the suspension is e.vamined microscopi- 
cally for confirmation of .absence of agglutination. The result is usually eon- 
h'olled by testing also with an Hh-negative cell, and the specificity of the 
aerum is determined by testing ivith several different Eh-positive cells (some 
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belonging to the phenotype Rh,' and some of the plienotype Rh/')- By experi- 
enced technicians, sensitization maj' thus be detected in a substantial nmaber 
of the^ cases. "With inexperienced workers, this test is mneh less satisfactory, 
since in many eases the agglutinates are so fine as not to be apparent to the 
uncritical eye and so fragile as to be easily broken up by careless or A'igorous 
handling. In an analysis of 500 cases of Rh sensitization (proved by hemoljdic 
transfusion reaction or the delivery of an erythroblastotic infant), 265 sera 
(53 per cent) produced moderate or strong agglutination with the majority 
of Rh-positii^e cells. In addition, 57 sera (11.2 per cent) produced vei’y weak 
agglutination, and 22 (4.4 per cent) produced agglutination only ivith cells 
of specificity Rh,,'. 

This test, de.spite its limitations, has certain important advantages. If the 
physician has had the opportunity to folloiv the patient from the onset of 
sensitization, and particularly if quantitative estimations of the amount of 
antibody present in the blood stream are regularly made (that is, titration by 
the serial dilution method), it provides a useful guide to prognosis. Generally' 
speaking, if only agglutinating antibodies are found by this method, and if 
these have begun to increase in strength only in the latter months of preg- 
nancy, the fetus has a fair ebanee of survival. In these eases the mother may 
be spared fjn-ther sensitization, and the infant further damage, by a reasonably 
earlj’’ induction of labor. On the other hand, a single test showing the pres- 
ence of agglutinins does not lend itself so easily to clinical interpretation, 
since a Ioav titer of agglutinating antibodies (as determined by this method) 
may denote either early sensitization or profound late sensitization, depending 
upon the presence of inhibitor substances or “blocking” antibodies (described 
later and elsewhere). For this reason, sera of pregnant, Rh-negative patients 
should be tested at regular intervals. 

THE “blocking” TEST 

The “blocking” test has recently been proposed by Wiener.® It is based 
upon a discovery made independently by Race’ and by Wiener that many per- 
sons sensitized to the Rh factor develop antibodies which are capable of com- 
biniirg with the Bh-positive erythrocyte without a visible reaction, and which 
are, in fact, capable of preventing the usual visible reaction with potent, 
standard (Rho) sera. As originally described by Wiener, this lest was per- 
formed by addition of the unknown serum to a 2 per cent suspension of Rh- 
positive cells, followed by incubation in the water bath at 38° C. for from 
thirty to sixty minutes. The tubes were then centrifuged and, in some cases, 
the supernatant fluid Avithdrawn. The i-esults of the test Avere not significantly 
altered by this latter procedure. A drop of potent anti-Kho seruiu Avas there- 
upon added and the mixture incubated for another thirty to sixty minutes, 
folloAving Avhich, after centrifugation, the tubes Avere observed for inhibition 
of the expected agglutination. We have found it possible to shorten the pro- 
cedure and to perform the test in conjunction Avith the tube-incubation method 
for agglutininins. At the same time the latter test is set up, two additional sus- 
pensions of Rh-positive cells are prepai'ed. The cells are so selected that one 
belongs to the phenotype Rho' and the other to the phenotype Rh„". T'® 
unknoAAm serum (2 drops) and the potent agglutinating serum (1 drop of ^ 
dilution of titer 4 to 8 or Avhatcver final dilution just yields grossly visible 
-urslutination) are added at the same time. A parallel control is employed, 
usiiur saline instead of the unknown serum specimen. The tubes are then 
"nenbated and centrifuged in the same manner as described, and search tor 
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apgiwtinatiou la carried out. If agghitinatlon occurs in the control tube but 
is absent or inhibited in the tube containing the unknou-n scrum, blocking 
antibodies may be assumed to be present. There arc several points to ■which 
particular attention must be paid in the performance of this test : 

1. The llh-positivc cells used should belong to the phenotypes Hhj (or 
Bh/) and Klu (or Uh,"). 

2. The specificity of the agglutinating senim should be carefully deter- 
niiued. because by far the greatest number of blocking antibodies arc effective 
only against Ub„ sera. An Blip' or Bbn" serum should not be used; otherwise 
the I?h' am] ]?h'* agglutinins lull interfere with the Rhj {or Bh/) and Blu 
(orBhfl'*) eells, respeMncly. 

3. The lest sljould not be set up without a control; otherwise partial in- 
hibition of the expected agglutination may wot be appreciated. 

In our analysis (Si^e Tnlile 1). 120 sera (24 per cent) produced strong 
inhibition, 57 (11.4 per cent) pro<im*ed weak iiddbition, and 22 (4.4 per cent) 
produced inhibition with only the Uh/' cell. 

This method, like the tuhe-ineuhation test for agglutinins, is a valuable 
index of Bh sensitization. It is* now evident that the pre.sence of the bloclcing 
antibody does not mean that the individual has undergone desensitization; 
on the contrary, it denotes a high degree of ininuinizntiow. The recipient is 
then likely to have e.xtreniely severe reactions from infusion of incompatible 
blood, and the infants of women whose sera contain these antibodie.s are as 
severely damaged, if not more profouiuUy affected, than those of women whose 
sera produce strong agglutination by the usual tube tost. Moreover, since the 
presence of this substance denotes a high degree of antibody production and 
certain disa.stcr to the Bh-positivc fctu.s, repeated quantitative estimations of 
amounts prc.scnt in the blood stream are probably more of acndemic than of 
clinicai importance. This is in contrast to tests for ordinary agglutinins, the 
quantitative serial cstimntion.s of which have proved of considerable value in 
following maternity case.s. 


Table I. Ak.vlysis or 000 Bn Antisera 




NUirriFR 

percentage 

Sera producing only strong agglutination (in test tube 
27c suspension of red blood ccIU in saline) 

with 

04 

22.8 

Sera producing only wea'k agglutination (in te^t tulic 
2% suspension of red blood cells in .snline) 

with 

201 

40.2 

Sera producing only strong inhibition (in test tube with 
suspension of rod blood cells in i-alme) 

2% 

220 

24.0 

Sera producing strong agglutination and strong inhibition* 


22 

4.4 

beta producing veeak agglutination with weak iniiibition 


57 

11.4 

bora reacting onlv on the open slide 


36 

7.2 


These are geia of the so-callctl “70 per cent” or anti-Rh' variety. They contain Rh' 
apgiutinlna demoratrablo in the test tube anil an antlbofly which inhibits Rho a&sJutinatJon. 
ine type of reaction m the test tube, therefore, aepemls upon the specifteity of the red cell 
HKalnst which it is te<»te(l 


THE COMIUN'KI) TUKI'MN'CUDATIOX Ti:STS FOR ACIGLUTIN'ATINO .\ND 
BLOCKING ANTlBOOmS 

When the two tests described above are perfomed in parallel, seirsitization 
can be detected, by careful workci*s, in most of tlie cases. The analysis to which 
we liavc already referred (Table I) shows that the coinbiued methods indicated 
•‘’Cnsitkation in 464 instances (92.8 per cent). The tests have tlie disadvantage 
of being soniewliat laborious. They require a good deal of equipment, material, 
and particularly experience. However, the usefulness of the information they 
provide offsets the disadvantages 
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THE GAPttiAEr TUBE TEST 

Chown® lias deserifeed an economical and ingenious method for Eh typm 
■which is applicable to the detection of Eh agglutinins. Capillary tubes of 0. 
mm. bore and approximately 8 cm. in length are steiilized in test tubes. One 
end of the capillary is dipped into the scnun to be tested, and a column approxi- 
mately 2 cm. in height is permitted to run in. The capillarj* is next dipped into 
fresh, Group 0, oxalated or eitrated blood, making sure there is no air bubble 
bet’ween scrum and blood. The tube is tlien inverted to alloiv the mixture to run 
to the opposite end of the tube. The blood-containing end of the capillary is 
inserted into a plasticine rack at an angle of 45 degrees to the horizontal. After 
incubation at 37.5° C.. the test is read against a vhite backgz-onnd. With a 
positive test, a beaded layer is formed along the lo'wer .side of the capillary. 
A negative test produces a thin, smooth line. This method seems to depend on 
factors similar to those underlying the open slide test (to be de.scribed). It 
is- reliable when properly employed, but it may be difficult for the average 
laboratory worker to read. It also possesses uo differential value. Its greatest 
advantage Lies in the fact that it requires a minimum of time, equipment, and 
material, especially serum. Also, like our slide test, it shoirld detect erddence 
of Bh sensitization by agglutination, even in the presence of “blocking” 
antibodies. 

THE OPEX SLIDE TE.ST® 


The open slide test was recently described by Diamond and Abelson.* Fresh, 
whole Group 0, Rh-positive blood of normal hematocrit is mixed ■crith about an 
equal amount of serum (approximately 0.2 c.c.) on the open slide, which is mod- 
erately warmed over a 25-watt bulb. The slide is gently tilted from time to time. 
Alter a short inten-al (varying from a fe'w seconds to three minutes), if the test 
is positive, readily discernible agglutinates appear. A parallel control of Bh- 
negative blood is highly desirable, particularly in doubtful cases. 

Errors in interpretation are chiefly due to nonspecific agglutination or 
rouleaux formation, which jields a slightly granular appearance to the prepa- 
ration, but experience helps differentiate this readily from true agglutination, 
which is much more marked. A di’op of saline added to the questionable result 
mth restirring and agitation shows a clear difference between true agglutination 
and rouleaux formation due to drying. 

In the original description^ it was suggested that once-washed red cells re- 
suspended in saline Avere satisfaetoiy' for performing this test. Further extensive 
experience has shown that thoroughly ivashed red cells (two or more times) fail 
to react unless they are resuspended in plasma or albumin. Only tbe cells 
incompletely washed free of their original medium will permit agglutination on 
the slide. For this reason it is neccssaiu' to use oxalated or citrated blood un- 
washed, or, if washed, resuspended in plasma, serum, or, as recently found mo-st 
satisfactorv', albumin. 

At first it appeared that this test was successful because of the fact that suffi- 
dent antigen in the form of Eh-positive red cells was proi-ided to absorb “block- 


X. s. Weiner, to whom this test ivas ilemonsfrated in -VPril, has confinnea in his 
O-OTI ^aborator^- that, even the roost highly '-blocked” sera produce agglntroation by this 

To hie" discussion of this test at the conference on Blood Grouping, held at .the xeu 



fed cells.' Since the ••congiutinaiion" reaction tetween nnUbody On se^m) an 

suspcns'on nr reu c I . -t „„ -a-ay erossly different from the agsluti^tw 

antigen (m Ur® nf . the clumping of Rh-positive cells by Ur® 

that occurs >u '■he wsi tu taking place In vivo has always been 

cSohfiinStton. the question might well be raifcd as to term should be used^^ 

jiated n- •°^^-rtainlv these ohsem'ations may make it necessarj- to change our con ep 
^glutiSSuh^reacUo'ns which occur wiUiin Uie body. 
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iug antibodies” present in the sonini, tlms permitting tiie action of ‘‘innskod” 
agglutination. This theoretic explanation no longer seems valid. 

A discussion of the principles underlying the .slide test is presented in 
another paper. 

The folloiving fnetore appear to accelerate the slide reaction ; 

The presence of unwashed red cells, or wn.slicd red cells resuspended in 
scrum, plasma, or albumin; the presence of an e.xecss of antigen with gentle 
agitation and mild warming, both of which make clumping more rapid and more 
e.'isily detectable; the presence of a glass surface. Landsteiner,° in discussing 
iionspecifie factors in the second stage of antigen-antibody reactions, wrote, 
“The fact that agglutinated cells may stick to the walls of test tubes, and that 
sensitized cells tend to adhere to leucocytes or to platele.s, may possibly be 
caused, in keeping with the lattice theory, by antibody adsorbed to the glass 
surface, and perhaps on cells.” lie referred to Jtudd’s statement"’ that he 
“has observed in many years of experience with the interfacial technitpic that 
specifically sensitized bacterial and other cells arc sticky, not only for each 
other, but for glass slide and coverslips as well ...” 

A modification of the priiieiplcs employed in this open slide test method 
has been adapted by us to tost tube use. This consists of the suspension of red 
cells wa.shcd, or unwashed, in plasma, scrum, or, ns a best medium, human or 
bovine albumin.* Under these circumstances a concentration of red cells 
varying from 2 to 5 per cent in such a blood protein diluent can be used. Mix- 
ture of one or two drops of this red cell suspension with an equivalent amount 
of the ‘‘blocked” scrum will yield, after short iiicuhatioii and centrifugation, 
visible agglutination. The unknown senim can even be diluted with plasma, 
serum, or, preferably, albumin and a titration of its strength carried out by 
this method. In routine use it lias been found that the slide test can be carried 
out more rapidly and yields equally acoiiratc results, so that it is most suitable 
for use in a large laboratory. 

'WTicn the precautions mentioned arc heeded, the slide test is reliable, 
simple, and speedy in result. In the Blood Grouping Laboratory it has failed 
to confirm I?h sensitization only three times in a series of over 1,200 tests ; of 
the 500 eases referred to previously, only one of proved sensitization was 
missed by this means. An analysis is pi-csentcd in Table I and a comparison of 
the three methods in use in our laboratory for detection of Sh sensitization is 
found in Table II. 

T.WI.E II. C05ip.\r.I50N OF TlIKEE IS VlCTO TESTS FOE DETECTJOK OF AKTIEOMES IN 600 
Cases op Bu Sensitization 

_ NUMBER PERCENTAGE 

Cases detectable by the tubc-jneubation test for agglutinins 341 CS-8 

Cases detectable by the blocking test (often with weak agglutinins) 199 39.9 

Cases detectable by the combined agglutination, and blocking testa 464 92.8 

Cables detectable by the open slide test 499 99.8 

From Table II it will be seen that when used alone, neither of the earlier 
tube tests is as satisfactory as the open slide test for detection of Bh sensiti- 
zation. The latter test does not, however, indicate specificity of sera, accord- 
iug to Wiener’s classification. By its use, no distinction can be made between 
sarly and late sensitization, blocking and agglutinating antibodies. Its chief 
value, therefore, is as a sci-een test in following obstetric patients, or as a coni’ 

'Details of the study of Rh agglutination using albumin as a diluent are presen*- ' 
a Paper to be published shortly. * ' 
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firmatory test Avhen tube demonstrations using saline cell suspensions are 
equivocal. In resolving hemolytic transfusion reactions, we have found it to 
be of value in detecting incompatibilities other than those due to the Eli 
factor; in particular, incompatibility betiveen A, and 0 or bloods. For this 
reason, and because it is in general more sensitive and more reliable than other 
methods, its use is particularly indicated in dealing with problems involving 
transfu-sions and transfusion reaction. More important, it lias led to a new 
understanding of the nature of the “blocking antibodies” so often found in 
persons sensitized to the Eh blood factor and has suggested new explanations 
for some of the hitherto puzzling features of many cases of erythrobla-stosis 
fetalis. In addition, the demonstration of agglutination of red cells suspended 
in plasma, serum, or albumin by an antibody which fails to yield visible ag- 
glutination of red cells suspended in saline, the time-honored diluent for 
agglutination tests, has offered a new technique for study. It suggests the 
need for re-evaluating previously obscui’e hemolytic reactions. It is a particu- 
larly logical technique since within the body, red cells are suspended in blood 
protein diluents, not in saline alone, and agglutination in vivo may involve 
not only the red cells and the antibodjq but also the blood fluids. 


SUMMARY 

The various tests available for detection of Eh sensitization are (1) the 
biologic test, (2) the modified compatibility or tube-agglutination test, (3) the 
“blocking” test, (4) the capillaiy tube test, and (5) the open slide test. 

The biologic test possesses very limited clinical usefulness and should not 
be used to supplant, but rather to supplement, the in vitro methods. Of the 
latter, the open slide test, when used alone, is by far the simplest and most 
reliable. It is particular!}" valuable as a sei’eening test in following obstetric 
patients and as a confirmatory test for compatibility of blood donor and re- 
cipient. For a more refined diagnosis, the tube-agglutination and blocking 
tests used in conjunction with one another possess a high degree of reliability 
and yield valuable information concerning the stage of immunization to which 
the sensitized patient has progressed. 
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STUDIES liV noDOKIN’S SVNUliOME 

III. Tuk Kel.^tionshh- ok Ti-iir,Rci.B Baciixi to Hodokin’s Svndromk 

HbRSIAN a. IIOSTKIi, JI.D., ClIABtJS A. 0OAN, Jt.D., AND 
Maricm.kn Sciiumaciikr* 
roiA’MBus, Ohio 

T he passible ctiolo'fie rebition of the human tubcrelc hacilUis to Hodgkin’s 
syndrome was firet suggested liy Sternberg’ in ISOS. Twenty-six years later, 
the recoverj- of the avian tnlierele baeillus by E’Espcrancc’ reopened the ques- 
tion of a possible tubcreuloiis etiology in this disease. Tlic present study is an 
attempted re-evaluation of the etiologic role of human, bovine, and avian tubcrelc 
bacilli in Hodgkin’s syndrome and is one pba.se of a broad, general resurvey of 
the Hodgldn’s problem now in progress in this laboratory.’"® 

In addition to tiic reports of fileniberg' and li’Ksperancc,® a large number 
of papers have appeared both in su|)port and in refutation of their conclusions. 
The voluminous literature lias been reviewed by IVallhauser (human and bovine 
tubercle bacillus),” Feldman,” Branch,* and Steiner (avian tubercle bacillus)”; 
see also our recent discussion of the ineidence and gcographio distribution of 
eases of Hodgkin's disease rciiortcd in the United States of America,” 


MATliniAL AND METHODS 


Six varieties of media were chosen for the attempted isolation of aeid-fast 
organisms : 

1. Coriicr’s medium,’” containing 5 per cent glycerine, mnlneliito green, and 
Sorenson’s phosphate mixture (pll 7.2) (buffer).’’ 

2. Corper’s medium without buffer and with crystal violet. 

3. Egg yolk,t Sorenson’s phosphate mixture pH 7.2 (buffer), 3 jicr cent 
glycerine, 1 per cent extract of killed human tubercle bacilli and malachite green. 

i. Long and Seibert’s .synthetic medium’” with 10 per cent scrum and 
malachite green, 

5. Petragnani’s medium’” with malachite green. 

6. Herrold’s medium'* with malachite green. 

It was found that the growth of the two human strains, II 37 and 100.lt, 
was most luxuriant on media 1 and 5. 

Avian strains 7992, 374fi, 3741, and 329C-78§ grew most luxuriantly on 
medium 3, a modified Corper’s medium containing an extract of tubercle bacilli, 
With these results in mind, media 1, 3, and 5 were chosen for the projected 
growth of acid-fast organisms from Hodgkin’s tissue. Thirty Ijunph nodes and 
three spleens were obtained from thirty-three patients with histologically proved 


tJnlveTu'” department of MetUcIn? and the Department of Bacteriology, The Ohio State 

T,_ These Investigations were made possible in part by contributions from Uie Elise S. 
hiEsperance Rcsearcli Fund and the Comley Research Fund of Ohio State University. 
Received for publication. May 13. 1946. 

•Ellsc S. L'Esperance Research Fellow. 

tModifleation of Corper's medium containing extract of killed human tubercle bacilli 
..i-. . 37. MvcohnctcTinm iuherciila.iis human. 100 1. Mpcobacicrium tuberculosis human. 

Obtained from the curator of cuitures. Depattment of Bacteriologj-, Ohio State University. 


87992. Mycobneterium tuberculosis avium, obtained from National Type Culture Institute. 
Georgetown University. Washington. D. C. 374^ 3741, and 3296-76, Mycobacterium tubercu- 
avium, obtained from Dr. W. H. Feldman, The Mayo Foundation, Rocliester. Minn. 
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Hodgkin s disease for use in the direct inoculation of media. Direct smeai-s 
stained to demonstrate the presence of acid-fast material were made in each ease 
le ore the seeding of media. All inoculated tubes and plates were tested at 
regular intervals for a period of three months whether bacterial colonies ap- 
peared to he present or not. 

^ Sixty-six guinea pigs were inoculated subcutaneously in the region of the 
groin with a thick emulsion of Hodgkin’s tissue. Guinea pig controls were 
siniparty inoculated with l 3 Tnphatic tissue emulsions obtained from fifteen 
patients with diseases of diverse etiologj'. Thirty Leghorn chickens were inocu- 
lated intravenously with Hodgkin’s tissue emulsion, and ten control Leghorn 
chickens ivere inoculated with tissue emulsions from other disease sources. Eight 
rabbits, four control and four experimental, were inoculated in a similar manner. 
All animals were sldn tested with avian O.T. and human P.P.D. tuberculin 
before inoculation and at intervals during the experimental period. The 
minimum interval between successive skin testing with avian O.T. was six weeks. 

Another graup of guinea pigs (twenty in number) was sensitized with 1 to 
3 mg. of Idlled Iranian tubercle bacilli (dry w'eight) according to the method of 
L’Esperance’“ eight to twelve daj’s previous to inoculation wnth Hodgkin's 
tissue emulsion. Ten additional pigs received onlj’^ killed tubercle bacilli and 
w'ere used as contrals. 

All experimental animals were carefullj' autopsied either at death or at an 
elected pei-iod eight months following inoculation. An attempt wms made in 
every animal to inject the largest amount of tissue possible in order to obtain the 
largest obtainable inoculum of acid-fast organisms if present. Animals of both 
sexes w’ere irsed in each experimental group. Fixed tissue sections were made 
from liver, spleen, lung, Ijnnph nodes, and other tissues as indicated. AU 
lesions of a suspicious nature were cultured for acid-fast organisms. 


RESULTS AND DISCUSSION 

No acid-fast bacilli W'cre isolated either on direct inoculation of artificial 
media wdth human tissue inoculum or from autopsy material in the case of the 
experimental animals, and no macroscopic granulomatous lesions were observed 
in any of the experimental animals except under the foUownng circumstances: 

Pour cases in the patient control series wmre diagnosed histologically as 
tuberculosis, and in aU four cases human tubercle bacilli were obtained from 
inoculated media and/or from inoculated guinea pigs. 

In one of the guinea pigs inoculated with tissue obtained from a patient 
w'ith Hodgkin’s sarcoma there wms found at autopsy, eight months after inocula- 
tion, the tj'pical macroscopic appearance of advanced Hodgkin’s disease of the 
human liver in miniature, hlieroseopicallj', howmver, the lesion appeared to be 
fibrous rather than granulomatous and no retieuliun cell hjTierpIasia was present. 

Eesults of skin tests in guinea pigs, chickens, and rabbits wmre negative ex- 
cept in those cases mentioned in which acid-fast organisms were isolated. 

Prom the results obtained during the present course of study it is not 
possible to say that the a^dan, boxdne, or human tubercle bacillus, sought under 
the conditions specified, has an etiologic role in Hodgldn’s disease. It is possiWe, 
of course, that there may be acid-fast organisms wAich are difficult or impossible 
to cultivate on media thus far desci-ibed; and it is also considered possible that 
the presence of tuberculo-toxins may contribute in some manner, in prhaps 
cT^pei'l.^lv sensitized tissues, to the development of the granulomatous lesions o> 
L Hodgldn’s disease. Although it is an established fact that tubercle 
bacilli may be cultivated at autopsy, in from 15 to 20 per cent of patients wi i 
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Ilodgkin’s disease, and that tlie immunologic data of Stewart and Doan’® sug- 
gest the not infrequent pre.senec of a concomitant tuberculous process during 
life, it cannot be conelnded that this evidence in any sense establishes a causal 
relationship between the two diseases. There arc many other possible explana- 
tions for the coincident presence of the two processes in one individual during 
life and at post-mortem. 

In most cases the tissues studied in the present scries were removed because 
of the necessity for diagnostic hiojxsy, and the results, therefore, cannot he 
compared with similar studies in winch the material was obtained from patients 
with advanced Hodgkin’s disease or at post-mortem. 


SUilJIARV ANO COXCLUSIOXS 

A series of chickens, guinea pigs, and rabbits have been inoculated with 
fresh macerated bmiph node nud splenic tissue emulsions obtained surgically 
from patients with Hodgkin’s sjiulromc and other diseases of widelj' differing 
etiologies. In each case carefully chosen media were inoculated with tissue emul- 
sion. In no instance were tubercle bacilli found except in the case of histo- 
logically, bacteriologically, and clinically proved tuberculosis. 
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STUDIES IN HODGKIN’S SYNDEOME 

IV. Thk Therapeutic Use op Radioacthte Phosphorus 

Herjian a. Hoster, M.D., and Charles A. Doan, JI.D. 
CoLUJiBos, Ohio 

With the Technical Assistance op JLiriellen Schumacher 

T he Hse of radioactive pliospliorus in the treatment of Hodgkin’s syndrome 
iias been referred to briefly by Low-Beer and co-woi’kers/ Hemplemann and 
associates,^ and Pitz-Hiigli and Hodes^ in reports devoted to its use in ieucemia 
and so-called allied disea.ses. The lai-gest series^ reported (nineteen eases) is 
representative of otlier pulilisbed information on tliis subject, and the authors 
concluded that temporary favorable responses occurred only in patients ivlio 
had "slight manifestations" and that the maximum period of induced remis-sion 
was one jmar. Published data on the use of radioactive phosphorus and x-ray 
therapy in the same patients eitlier eoneomilantly or suceessivelj^ are so meager 
that no deductions are justified. 


MATERIAL AND METHODS 

Radioactive phosphorus used in this study was prepared in tlie Ohio State 
University cyclotron under tlie supervision of Di*. M. L. Pool. Red phosphorus 
was bombarded witli a ten million volt deuteron beam of approximately’ 100 
micro-amperes. The original material was oxidized with nitric acid and tlie 
dibasic salt of phosphorus was formed with the addition of sodium liydroxide. 
The solution was administered in an isotonic fom, and its initial activity was 
approximately 200 microcuries per cubic centimeter. Radioactivity was 
measured with the Lauritseii electroscope immediately following bombardment. 

Eleven patients with Hodgkin's disease, proved by Iiistologic examination 
of tissue obtained at biopsy, were chosen for study’; four were males, and seven 
wei'e females. The age of each individual and the duration of sy’mptoros before 
treatment with radioactive phosphorus are indicated in Table I. 

A careful evaluation of tlie clinical status and hematologic egnilibrium was 
made prior to the beginning of the therapeutic period and immediately preceding 
each subsequent administration of radioactive phosphorus. All dosage is re- 
ferred to in intravenous equivalents; the effective oral dose is estimated as ap- 
proximately’ 75 per cent of -the same intravenous dose, the oral route hainng been 
used on occasion. Of the eleven patients selected for study, six had received no 
previous therapy, and five had had previous x-ray therapy’. Each biweekly dose 
was determined as a function of the tolerance of the individual patient, measiue 
in terms of abrupt thrombocytopenia or by other less acute evidences of bone 
marrow hypoplasia. P3= therapy was discontinued and other measures sub- 
stituted in every ease when an increase in the activity of the disease was m- 
dicated by additional lyniphadenopathy or clinical evidence of bone involvemen 
demonstrable by x-ray. 

parallel studies made in this clinic in an attempt to evaluate the therapeutic 

TYoro tt'e Department of Medicine. Division of Cancer Re.searcii, TDe Oliio State Uw- 

'’®'^^'*Beccived for publication. May 13, 1915. 
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CASE 

AGE 

(vn.) 

SEX 

DUEATIOX 
or HVJtl'TOWR 
UE^ORF. r33 
APMINISmV- 
TIGS' 

nCRVTION’ 

<>F 

THEFv.\I*Y 

IX WEEKS 

BIWEEKLY 
IKJSE JK 
MIIXICURIB 

rRF.nous 

X-RAY 

TUER.APY 

FAVOrUDLE 
UESI'ONSE TO 
X'PvAY AFTER 
CESSATION' OF 
FIIOSPHORUS 
THERAPY 


35 

F 

10 vr., 

21.S 


+ 

0 

2 

31 

F 

1 vr,, 2 ino. 

13.S 

3.01 

+ 

+ 

3 

Pft 

M 

5 vr. 

14.8 

g go 

■f 

+ 

4 

22 

F 

1 jT., 11 mo. 

13.S 

2.48 


+ 

5 

C7 

F 

3 yr., 10 iHo. 

21.0 

2.20 

+ 


0 

35 

F 

7 uio. 

2J.0 

2.55 

0 


7 

20 

F 

1 vr., 1 mo. 

28.0 

2.77 

0 


8 

18 

M 

2 yr. 

10.0 

2.49 

0 

- (Died) 

9 

39 

M 

1 >T. 

12.7 

2.2G 

0 

> 

10 

29 

F 

Uncertain 

37.0 

1.26 

0 

+ 

11 

40 

M 

2 yr. 

14.8 

2.12 

0 

+ 


BPI 

■■■■■ 



5 poslttt'c 

8 positive 





18.97 

2.31 

U negative 

1 noffative 

Ta»le 11* 





PEf RE-VSK 

JXtT.EASE 

U.VCHA.VOEI) 





(«-.\SESJ 

(fASE.S) 

(CASES) 


ijediaientation 

rate 

5 


5 

1 


Hematocrit 


8 


2 

1 


Homoclobin 


8 


3 

0 


Hed Wood cells 

7 


3 

1 


Platelets 


X 


o 

2 


■\\lutc 

jlood cells 

n 


0 

0 


L3-Tnpliocrt08 


0 


0 

5 


Monocytes 


G 


1 

4 


•Ilcprcsents a comparison of henuitologlc \aluc5 obtainctl at the boelnnlng and at the 
end oC radioactive phospnorua therapy. 


effectiveness of radioaetive phoaplioi-us in leuccinia, multiple myeloma, metastatic 
earcinoma, lymphosarcoma, and erythremia will be jii’csented elscwhei'O. 

niCSUI.TS AND msccssioN 

In a majority of the eleven patients (Tables I and II) who were treated 
nith radioactive phosphorus, a fall in the hematocrit, in tile hemoglobin level, 
and in total red blood cells, platelets, and total white blood cells, including 
lymphocytes and monocytes, was recoi-ded during tlierapy. These changes are 
similar to those observed by Hemplemaiin and co-workers- in patients with 
various hematologic dyscrasias who were treated witli radioaetive phosphorus. 
There were only two in tlie series of eleven patients whose sedimentation rates 
returned to within piiysiologic limits during therapy (Tables I and II). The 
most marked and abrupt decline in hematologic values was that recorded in the 
ease of circulating platelets ; a platelet decrease from noi-mal or above to a level 
of 100,000 or less in ten patients, and 50,000 or iess in six patients was observed. 

The average biweekly intravenous dose of phospliorus was 2.31 millicuries, 
the minimum being 1.26 miliicuries and the maximum being 3.01 millicuries 
(Table I). Ten of the eleven patients treated developed additional adenopathy 
or demonstrable evidence of bone involvement during the couree of therapy. 
The maximum and minimum periods dm-ing whicli treatment occurred, before 
additional evidence of disease activity developed, were thirty-seven weeks and 
tea weeks, respectively (Table I). One patient (Case 9, Table I) did not retuni 
for treatment after the eleventh rvcck. Anotlier patient (Case 8, Table I) died 
during tlierapy. The duration of temporary benefit occurring in a few patients 
cannot be correlated with the duration of the patient’s illness at the time of 
treatment but is probably a function of the rate of activity of the disease at that 
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time. Eight of the nine patients Avho received x-raj' radiation after cessation 
of phosphorus isotope therapy responded favorably to the former, as indicated 
in Table I. 

It should be noted that in our experience platelet depression and other 
signs of marrow hypoplasia did not disappear in most cases after cessation of 
therapy. Despite the prolonged and severe platelet depression after cessation of 
P^- therapy, no clinical evidence of hemorrhage occurred. 

Three representative cases (Pigs. 1, 2, and 3 — Cases 2, 6, and 7) have been 
chosen for illustration since they indicate graphicallj’’ the general trends in 
hematologic values observed in the group of eleven patients studied. 

Case 7 (Fig. 1). — D. P., a, 2G-ycar-old woman, was first seen Aug. 8, 1943, giving a 
liistory of progressive and painless left cervical adenopathy of eight months’ duration. There 
was also a history of weight loss of thirty-five pounds, lumbar backache increased during 
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nicnstrual pcriodj', and an increase in nerA'ousnc?«« for one year and insomnia, palpitation, 
weakness, and easy fatigue for six months. The patient had experienced hives (cause un* 
knowm) sporadically sinco childhood and stated that her paternal grandmother had allergic 
asthma for many years. Physical examination revealed enlarged tomsils and nontendcr in* 
ferior cervical adenopathy 2 liy 2 cm. On palpation tlio enlarged nodes wore moderately 
hard and somewhat adherent to the surrounding tissues. Laboratory studies revealed: '\Vlutc 
blood cell count 13,350; red blood cell count, 4.34 million; hemoglobin, 11 Gm.; hematocrit, 
35; sedimentation rale, 1..*’ mm. per minute (Itourko and Emstene modification of Wintrobe 
method). The leucocytic difTcrcntial was as follows: polymorphonuclear neutrophiles, 05; 
polymorphonuclear cosinopliilcs, 0; l^Tnpho<*} tc«, 10; monocytes, 7; platelets, 1,003,020; and 
reticulocytes, l.S i>cr cent. Urinalysis and serologic tests for sj'pliilis were negative. Biopsy 
and histologic study of a lympli node obtained from the left inferior cervical region con- 
firmed the clinical diagnosis of Hodgkin's granuloma. 

On Nov. 10, 1943, a tonsillectomy was done and tho tonsils contained no evidence of 
Hodgkin's disease either macroscopically or microscopically. 

On December 22 radioactive phosphorus was begun ns noted in Fig. 1. During the course 
of P32 tlierapy there wns an apparent slight decrease in tlio left inferior cervical adenopathy 
two or three weeks after treatment wns started. There wns, however, no subjective improve- 
ment and during tho month of April n persistent elevation of temperature of 99® F. was noted. 
P32 was discontinued Juno 12, 1914, when it was discovered tlint additional adenopathy in 
the left superior cervical chain of nodes had de\-eloped. 

On Oct. 10, 1941, tho patient entered the hospital with a complaint of vaginal bleeding 
of ono week’s duration. Following a dilation and curettage, bleeding stopped promptly. 
A diagnosis of functional uterine bleeding wns made and multiple w.ashcd red blood cell trans- 
fusions were given. 



Fig. 2. 
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Case 6 (Pig. 2).— AI. L., a 35-year-oia woman, was first seen Aug. 25, 19i3, with a ciiief 
complaint of painless rigJit cervical adenopathy of four months' duration. There were no 
abnormal subjective symptoms and no other contributory historical findings. Physical exam- 
ination revealed no abnormality other than a nontender right inferior cervical adenopathy 
1% by 1(4 cm. Laboratory studies revealed the following: white blood cell count, 7,300; 
red blood cells, 3,(500,000; hematocrit, 3S; and corrected erythrocyte sedimentation rate, 0.7 
mm. per minute. Urinalysis and serologic tests for syphilis wer6 negative. During the next 
four months the white blood ceil count and sedimentation rate rose, the patient became more 
anemic, and itching of the shin and continuous fever became manifest. 

On December 22 radioactive pho.^pliorus therapy was begun as indicated in Fig. 2. On 
April 25, ^after four months of treatment and slight subjective improvement in symptoms, a 
largo mass extending from the mediastinum into the upper left chest was observed by x-ray, 
and an afternoon temperature of 102° P. was recorded. Radioactive phosphorus was dis- 
continued and x-ray therapy begun. The amount and duration of treatment arc indicated 
in Pig. 2. 

On October 1 there was a transitory drop in temperature and an increase in the sbe of 
the existing nodes. During early November, 19-14, the patient developed fluid in the left 
pleural cavity and despite repeated drainage, rapidly became rveaker and died November 15, 
A profound state of bone marrow exhaustion existed at llio time of death. Tlic apparent 
terminal riso in red blood cells and hemoglobin was produced by multiple transfusions of 
w-ashed red blood cells. 


Casg*2 Mb. 9 Aejed 31 yrs. 


HODGKIN’S DISEASE 



^ Unviu!? had right cerrical adenopathy seven years previously The auenop ^ , 

p pnt at that time was said to have been accentuated by the removal of m ee 

1 of the recent change in node she, a biopsy was done and a diagnosis of ^ 

isease was mauc. 
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given over tlio right cervical region. Oophorectomy, biopsy, and x-rny treatment ^^crc carrie<l 
out elsewlioro and complete data regarding them are not ax'ailable. A recurrence of lymph 
node enlargement did not occur until six \ears later (August, 10-12), at which time a mass was 
noted in tho lower mid-cervical region. The patient beg:in to complain of wenhness, fatigue, 
nervousness, and numbne.«s in both nrms. It na« the opinion of tho surgeon in charge that tho 
mass wa.s due to thyroid onlargemeut. At operation (January, 1P43) the enlargement was 
found to consist entirely of Hodgkin's ti^sue, and following a histologic diagnosis of 
Hodgkin’s granuloma, the patient was referred to this clinic for therapeutic management. A 
few da^'s after the operntinn, an cnipfmn with many of fJje eJmractcristics of erythema 
nodosum appeared on tho lower legs and nnkles and dlisappoarcd again after a few’ w’ceks. 
Hematologic studios were recorded ns follow.s: hcniafocrit, 41; sedimentation rate, 1.1 mm. 
per minufo (corrected); white count, 10,500; red cells, 4,110,000; hemoglobin, 11,7 Gm.; 
suprantal diflferential: polymorphonuclear neutrophili's, tij; polymorplionuclcar basophiles, 2; 
polymorphonuclear cosinopliile.s, 5; lymphocytes, 19; monocytes 11. 

On Hov. 18, 194rt, radioactive plio-sphorus ndiiimistnttimi wa.s begun ns indicated in Pig. 
3. At this tirao there were palpable a few small left suprn-elavicular nodes and a mass 1 
by 1 cm. to tho right of the .“ternum and altache<l to tho third rib. One month after phos- 
phorus isotope therapy was started, the patient complained of itching of the skin; after two 
months of Paa administration the jiaticnt complained of a burning sensation within the 
mass to tho right of the sternum after each dose of pho<»phoru«i wn.s given. After throe 
months of treatment the jiatient developed a severe cold after wliich a noticeable increase in 
the external cheat mas.s occurretl and right lateral di'«plnccnient of tho trachea was noted. 
A few days later difficulty in swallowing liecanio a prominent symptom. Radioactive phos- 
phorus was discontinued and roentgen ray therapy was instituted as indicated in Pig. 3. There 
was defiaito clinical improvement noteil and the external lliorncic mass could no longer be 
felt, following tho completion of x-ray therapy. 

SU.MMARY AND CONCLUSIO.N'S 

The use of radioactive p/tosphonu; in the ti'catmcnt of eleven selected 
patients with Hodgkin’s disease in the dosage and under the conditions de- 
scribed lias not proved of therapeutic value. Dejircssion of hemocytopoiesis, 
with special cmphnsl.s on thromliocytopciiia, has hcen noted. 
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THE BELATIONSHIP BETWEEN DIET AND THE SIECHANISJIS FOR 
DEFENSE AGAINST BACTEEIAL INFECTIONS IN EATS 

L. Joe Berey, Ph.D., Jake DA^^s, B.S., and Tom D. Spies, M.D. 
Birmingham, Ala. 


INTRODUCTION 


j ■'HE importance of diet in resistance to infectious diseases has long been 
J- recognized. A number of controlled animal experiments has shown that 
such a relationship exists. Watson’ found a greater number of fatalities in 
mice fed on a diet from which dried sldmmed milk was omitted than in animals 
whose diet included the milk. Watson, AVilson, and Topley" then observed a 
higher susceptibility to natural contact infection in mice on a diet similar to this 
than in the animals that were well nourished. The importance of nutrition in 
nonspecific resistance to infection was clearlj" demonstrated in' mice by 
Church.®" ’ Dietary iiroteiu has more recently been found by Sako“ to play an 
important role in the susceptibility of mice to inoculation ndth a virulent culture 
of pneumococci as measured by the postinoculation survival time. Carbohy- 
drates and fats had little influence on this susceptibility. Cannon, Chase, and 
Wissler® depleted rabbits of proteins by restricting the intake and by plasma- 
pheresis and obtained lower agglutinins than in noi’mally fed animals. This was 
especialty time in young animals. Thus, Cannon has emphasized’ the im- 
portance of acquired immmiity in resistance to mierobic agents and has corre- 
lated® hypoproteinemia with susceptibility to intercurrent infections in human 
beings. In Alabama, Eiddle, Spies, and Hudson® studied 150 patients with 
pellagra who had definite clinical lesions. Siaphylococcits aureus and Strepto- 
coccits hcmohjiicus ivere isolated from cheilotic and ocular lesions, and these 
organisms disappeared following riboflavin therapy. In gingivitis and stomatitis 
large numbers of Vincent’s organisms were found in addition to the bacteria 
mentioned; these also disappeared follondng nicotinic acid treatment. In 
acutely deficient patients a low complement titer and a reduced bactericidal 
actmty of the blood were found. As the dietary improved, these defense mecha- 
nisms were returned to nomal levels. 


Numerous papers in this field have dealt ■with tlie relationship of single 
■vitamin deficiencies to specific defense mechanisms. In studies on blood, Abbott 
and Ahmann’® have reported a decrease in total white blood cells and in pol.v- 
morplionuelear cells in rats, and Abbott, Alunann, and Overstreet” found a 
similar decrease in leucocytes in human beings with clinical vitamin A deficiency . 
Grimm and Short, on the other hand, found only a neutrophilic index lag in 
vitamin A-deficient rats’® and dogs.’® In cases of pulmonary tuberculosis given 
large doses of •vitamin A, five of ten patients had a left shift and. the remainder 
a right shift.” In none of their work did they observe a decrease in total 
number of white blood cells. Verder and Pelran’= in their, study of vitamin A- 
deficient monkeys observed a slight increase in the average number of leiicocj tes. 


“ rmiversit}- of Cincinnati Studies in Nutrition at the Hillman Hospital, BlrminSliam, 

Aio ¥rom the Department of Internal Medicine, University of Cincinnati. and 
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polymorphoiuiclcar loiirocytca, and cryfliropylcs. In ten lumian beings main- 
tained on an A-deiicioni diet for ISH ilaj-s, Vi'agner'" found a marked leiicoponia 
with a prcjionderanro of degenerate myeloid celJs. Tboro was also a tlirombo- 
eytopenia and a deereasc in iiemoglobin and cryliirocytcs. 

In 1935, )lay, Langston, ami Shukers*' found that tiic rlicsus monkey 
developed a fulniinaling fatal blood disease cliaracicrizcd by leucopctiin and 
anemia wben fed a diet di'fieienl in H. ((J). Uleenilion of the gums Avas a con- 
sistent aeroinpanimenl of the liyiioi'yltieniia, and diarrhea was common. Several 
papers have since ai>jieared,''-'" and it is known that .vca.sl and liver fractions 
either prevent or cure this di.sea.se. Sfinlics on rats fed diets containing from 
1 to 2 jier cent of one of several .sulfa drags .show that severe loneopenia and 
sometime.s mieniia ina.i- resnll.-''=- It can be eiiied with liver fractions, =’• -’• 
folic ,icid eoneentrate.s,^' and crystalline folic acid-’ and imi>roved but not cured 
by biotin and xanthopterin.-'^ The .sulfa drugs in nutritional studie.s are used to 
alter the inte.sfinal flora of tile animal, hut result.s due to to.vieity may complicate 
tile natural )>irtHre. For ihi.s reason the work of Gybrgy, (loldblatt, lliUer, and 
Fulton’” ;md Shukers and Ua.v.-" in uhieh malnutrition alone has been shown 
to produce Icueopenia in rats, is of .special importance. Gyurgy and co-workers 
Mod a diet deficient in viltiniin U,. and found that the leneopenia, thrombocyto- 
penia and anemia which doveloiied could not be cured with vitamin B„ alone but 
required Peter's eluutc. .Sluikers and Day fed llic animals a riboflavin-deficient 
diet. Botli the deficient rat.s and the inauition controls became Iciicopcnic, but 
with tlic latter group tlie condition was more severe. Nulritioual loucopenia and 
ulcerative stomatitis iu dogs fed a hlaektoiigue-producing diet is reported by 
Hiller and Bhoads.’" In iiatiouts suffering from hiiecal nleors a granuloponie 
leneopenia is freciucntly oneoimfeivd.’'-’ 

A reduced plmgoeytic activity ha.s been reported liy Gellhom and Dunn” 
in undernourished dogs after from six to eight days’ starvation. They coat- 
pared®' the ingastiou of starch granules by washed leucocytes suspended in the 
experimental scrum of each of fift.v-seven vitamin A-dcficient rats with the 
ingestion of grannlc.s by twenty-two control animals. Thirty of the deficient 
animals had decreased phagocytosis, and sixteen had increased and eleven had 
the same phagoc.vtic activity. Tiie .severity of tlic deficiency sjnnptoms did not 
parallel the changes in phagocytic index. Cotlingham and Mills” found a de- 
crease in in vitro phagocytic activity of rat granulocytes in animals fed diets ivith 
single vitamin deficiencies. This was true for thiamine, riboflavin, pyridoxine, 
pantothenic acid, choline, .singly, and for vitamins A and D combined. No 
inanition controls were used, hut f'oltingham and Jlills interpreted their re- 
sults as being dependent upon the general nutritional level of the animals 
rather than to the effects of the A'itaniin.s per sc. 

The Iramornl defense niechani.sm of animals on v'arious tyiics of nutritional 
regimes has received the attention of several investigators. The tissues of rats 
deficient in vitamin A w'crc found by Prickett, Stiller, and SteDonald” to have 
e.xccss lysozATiie. In agreement with this observation is the Avork of Sullivan 
and ManA-illo,®* m Ai-hieh the colon of rabbits deficient in A-ifamin A was found 
to ha\’e four times the ly.soz.\Tne eoutent a.s that of controls. In the most compre- 
hen.sive report of studies on human beings, PcUcr, Roberts, Raili, and Francis” 
kept siibject.s on diets adequate in all respects except, for cither A-itamin A or 
A'itamin C for periods of six, fourteen, nineteen, twenty, or tAventy-si.x Aveeks, 
They could find, under thasc conditions, no influence on the capacity of nasal 
secretions to inaetiA’ate influenza virus, the titer of neutralizing antibodies 
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for influenza Anrus, the activity of lysoz3'nie in nasal secretions, eompleinent 
titer hi blood serum, or pliagocytic activity for ])neumococci of leucocytes in 
heparinized blood. Negative results Avere also obtained by Natvig^*® in experi- 
mental animals depriimd of Autamins A, B, C, or D. He tested, Avithout finding 
aity change, the complement titer, bactericidal poAver of tlie blood for dysentery 
bacilli or Staph, aureus, the ability to foi-m agglutinins, and the phagocytic 
aetiAdtj^ Scaglionc'*' lias reported a reduction in the agglutinin titers against 
typhoid and paratyphoid in infants and children deficient in vitamin A. 
Madison, Pish, and Prick®® found that nicotinic acid mixed in varjdng amounts 
Avith the antigenic doses of horse serum lowers tlie precipitin titer in rabbits 
in small amounts and raises it Avhen given in large amounts. A slight retarda- 
tion in building up agglutinins against tj'phoid vaccine Avas found by Tecce and 
Visconti®® in rabbits given nicotinic acid in excess. Jiisatz,^®' in a senes of 
experiments Avith rabbits fed a Autamin-free diet, reports a loAvered bactericidal 
poAver in blood and d 90 per cent i-eduction in horse serum precipitins. Vitamins 
A and D and dried brcAvers’ jmast failed to alter the response. Eose and Kol- 
mer^® found no change in the complement titer of dogs after four months of 
B avitaminosis and anhj^dremia. In Mty persons Avith vitamin B deficiencies, 
Morej’’ and Spies'*® shoAved that the agglutinin titers to Bacterium tuhreiise 
Avere loAver and less avcU maintained than in normal controls. 

Single vitamin dcficiencj' studies are important in elucidating the metabolic 
function of the vitamins, but single deficiency state.s seldom occur naturally. 
For this reason, it Avas considered of interest to test the various defense mecha- 
nisms against infectious diseases in rats fed a diet similar to that upon AA'hicli 
persons in an area of endemic malnutrition develop mixed deficiencies, a diet 
AA'hich has been shown to be deficient in manj^ nutrients.'*'' According^, a 
diet for rats AA'as doA'ised, based on the foods eaten bj' a familj" studied at the 
Nutrition Clinic of the Hillman Hospital in Birmingham and characteristic 
of the diet of many’ families in this area. It Avas first used experimentally by 
Bieler, Johnson, Grant, and Spies,'*** aa'Iio found that rats suffered loss of Aveight, 
loss of appetite, and alopecia, and that normal development Avas obtained only 
after the diet had been supplemented Avith high-grade protein, vitamins, and 
minerals. Various combinations of the three supplements Avere found to support 
groAvth above the level of the basal diet but considerably beloAv the control level. 
For this study the supplements AA’hicli Avere found to give the best intermediate 
stages of groAvth betAveen the basal diet and the diet Avith all essential supple- 
ments Avere selected from among those used by Bieler and associates. This aa’Os 
done to determine whether resistance to disease could be graded from Ioav to 
high by dietary means. The results reported here shoAV that this can be done 
only when the animals are reasonably Avell nourished and that Aveight alone is 
insufficient for predicting the susceptibility to disease. 


METHOD 


One hundred Sprague-DaAvley Aveanling rats Avere divided into ten groups, 
Avith ten rats in each group. Five groups Avere males and five groups females. 
The rats Avere housed five to a cage. The cages Avere kept in a steam-heam 
room, and all animals Avere treated as uniformly as possible except for diet. 
They Avere fed as foIIoAA’s : 


Groups 1 and 0 
Groups 2 and 7 
Groups 3 and 8 
Groups 4 and 9 
Groups 5 and 10 


Basal 

Basal + casein 

Basal + casein + minerals 

Basal + casein + B vitamins 

Basal + casein + B vitamins + minerals 
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Tlic animals in Groups 1 to 5, inelusivc, were males, and those in Groups 
6 to 10, inclusive, were females. The Ijasal diet consisted of 35.6 per cent corn 
meal, 2S.1 per cent unenriehed white flour, 17.6 per cent pork fat, and 18.7 per 
cent cane sugar. Tlicse were thoroughly mixed witli sufficient water to make the 
ration more easily eaten, hlighteen per cent vilamin-free casein* was added 
to all diets except tliat for the atiimals in Groups 1 and 6. Tlic mineral supple- 
ment was compas'od of a mixture of the fol/owuig salts, which constituted 4 
per cent of the diet in Groups 3, 5, 8, and 10: 

r.M, 


Calcium c.'irbonatc 

000 

Potns.sium acid phosplmlc 

045 

Calcium acid pno«5phate 

J24 

Mnfjncsium sulfate 

204 

Sodium cIilori<Io 

335 

Ferrio citrate 

55 

Pota'sgium iodide 

3.0 

Mangane^o sulfate 

10 

Zinc chloride 

0.5 

Copper sulfate 

0.0 


The syntlietic B vitamins were dissolved in distilled water and added to 
the other ingredients whioli then offered the following amounts per da}' per rat : 


xro. 


Thiamine 

0.2 

Kiboflavin 

0.2 

Pyridoxioo 

0.2 

Inositol 

0.2 

Ca pantothenate 

10.0 

Nicotinamide 

2.5.0 

Choline 

200.0 


All tlie animals received an ad lib quantity of food and tlic daily consump- 
tion for those in oacli cage was detennined by weight difference. Tliis, however, 
was not an accurate measure since some loss from scattering oeeurred. Each 
animal wms weighed twice weekly and the average weight per group was cal- 
culated. The animals were placed on the diets Sept. 15, 1944, and tJie final tests 
were completed Fob. 7, 1945, a total of 146 day.s. Throughout this time, all rats 
survived except those lost as a diixct I’csult of experimental procedures. There 
were, therefore, no deaths directly attributable to malnutrition. 

A measure of tl\e effectiveness of the three defense mechanisms subject to 
experimental tests was undertaken. This includes a determination of the total 
number of leucocytes with differential counts, the phagocytic activity of the 
granulocytic leucocytc.s, and the ability to produce antibodies, agglutinins. The 
only important factor omitted in these experiments is the barrier to invasion 
by infective agents offered hj’ the skin and mucous membranes. The significance 
of this harrier in health and disease is not to be minimized, but unfortunately 
at the present time there is no technique known to us that permits a quantitative 
estimation of its activity alone. Strj'kcr and Janota'** found no change in the 
peimeability of the intestinal wall to Salmonella enfentidis in vitamin A- 
clcfieient rats, but their procedure does not exclude the role of phagocytes. 
The tip of tile tail was cut in order to obtain blood for ezythrocyte counts 
mzd -white cell differential counts. Bureau of Standards pipettes and counting 
chambers were used. Wright’s stains were made for tlie differentials. Counts 
''■ere made on five rats in each of the ten groups 

Phagocytic activity was detennined in vitro by the technique of Cottingliam 
mills .®2 One-half cubic centimeter of heart blood is diluted in the .same 

*S. M. A. Corporation, Chlcag-o, 111. 
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volume of heparinized*' saline and then 0.2 c,c. of a standardized suspension of 
Micrococcus candidus in saline is added. The tube is gassed with a mixture of 
95 per cent oxygen and 5 per cent eai’bon dioxide and shaken for four minutes in 
a water hath at 38° C. A blood smear is made immediately at the end of the 
pei’iod, stained with Wright’s stain, and the number of bacteria is counted in 
sixty neutrophilic gi’anulocytcs. The phagocytic activity of the cells in the 
five rats in each of the ten groups not used in making blood counts was measured. 
The final value for each group is tlius calculated from a total of 300 white blood 
cells. 


In order to eliminate a possible variation in phagocytosis with time, the 
blood was withdrawn from all the rats on the same day. Errors that might be 
attributed to a change in the density of the bacterial suspension due to standing 
at room temperature were overcome bj’’ testing the blood of one rat from each of 
the five groups of males at the same time and repeating until all had been 
tested. This was continued without delay throughout the morning hours, and 
the same procedure was followed in the afternoon for the five groups of females. 
An aliquot of the same bacterial suspension was refrigerated tliroughout the 
morning houi’s and was then brought to room temperature for use in the after- 
noon. No consistent variation in phagocytic activity of cells from rats in the 
same group occurred. Once tlie smears are stained, the actual microscopic 
counts can be made over a period of days. 

The same I’ats used for blood counts were originally selected for testing 
agglutinin production. A phenolized culture of Bact. tulxtrcnsc with a density 
of 7.3 billion cells per cubic centimeter was employed as the antigen.! The 
animals wei-e injected iutraperitoneally at three-day intervals until a total of 
four injections was given. The first two doses were 0.1 c.e. of vaccine and the 
last two doses were 0.15 c.c., a total of 0.5 c.e. Two weeks after the final injec- 
tion, and at biweekly inteiwals for eight weelcs, the males and females were 
alternately tested for agglutinin titer, but the titers remained very low through- 
out this time. The serum of the animals in Groups 5 and 10 showed slight 
agglutination in only the second tube ( 1 :40) . Therefore, since this partieula.r 
antigen gave such a low titer, it was considered desirable to repeat the experi- 
ment uith a different vaccine. 

The five rats most uniform in size that remained in each of the ten groups 
were placed together in one cage. Each rat Avas inoculated subcutaneously 
Avith 0.2 c.e. mixed tjqihoid-paratyphoid Ameeine.j: The injections Avere repeated 
at intervals of five days until a total of three inoculations Avas given. Ten days 
after the immunizing doses had been completed, heart blood Avas AvithdraAA'n and 
the serum agglutinin titer Avas determined AAuth the same lot of vaccine for the 
antigen. 

results 


The animals AA’ere permitted to remain on the diet for tAVO months before any 
tests Avere begun. During this period their Aveights Avere cheeked tAvice Aveekly 
and the groAvth curves for each group are shoAvn in Pig. 1. After eighty days 
heart punctures Avere begun in order to obtain blood for the agglutinin titem, 
and therefore the death of animals in some of the groups made further records 
inaccurate. After tAvo months on the diets the animals Avere photographed, and 


‘The heparin used in this work was supplied by Hoffmann-La Roche, Inc., 
tSupplied by Dr. I^e Foshay, Professor of Bacterioloej'. College of llcdicine, Un 

^^''li^derle Laboratories. Inc., Pearl River, N. Y. 
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their appearance at this time is shown in Pig. 2. There was a subsequent 
increase in alopecia in tlie rats in all groups, except those in Groups 5 and 10, 
but otlicnvisc tlicrc was no great ehnngc in the general physical characteristics 
of the animals. A more detailed description of rats fed on these diets may he 
found in the paper by Bielcr, Jolmsoii, Grant, and Spies” now in preparation. 




rir. 2. — ^Photoeraeha of mates from each of the Ove groups after eighty days on the respective 
diets. All animals arc the same age. 
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1. Blood Studies . — In Table I are summarized the results of the blood 
studies. Blood counts from the rats in Groups 1 and 6 were obtained after sLxty- 
one days on the diet, and on those in the remaining groups in order (2 and 7, 
3 and 8, etc.) during the next ten days until completed. The animals on the 
basal diet, both males and females, had total white cell counts only about one- 
third of those in the well-fed, nonnal groups. The remainder of the groups fell 
within the normal range for the raf*®; however, they were all lower than the 
adequately fed animals. It is interesting to note that the differential leucocyte 
picture is shifted toward a relative inci’ease in polymorphonuclear neutrophiles 
with a correspondmg relative decrease in lymphocytes and an absolute decrease 
in all cellular tjqies. Tliis is in agreement with the results reported by^ Shuhers 
and Day-' in their blood studies on rats fed a riboflavin-deficient diet with inani- 
tion controls. The latter were more severe. No change was observed in the red 
blood cell totals unthin this period. 


Table I. Blood Studies op Hats ok Difperekt Diets 


GROUP 

K.B. C. (IK MIL- 
lAOKS) 

vr. B. c. 

r. M. N. 

LYMpnO. 

p, sr. E. 

(PER 

CENT) 

JIO.VO. 

[Tte. 

CEXt) 

.WER- 

AGE 

RAKOE 

AVER- 

AGE 

RANGE 

AVER- 

AGE 

(per 

CENT) 

RAKOE 

(PER 

CEKT) 

AVER- 

AGE 

(per 

CENT) 

RAKOE 

(PER 

cent) 

1 

8.24 

7.S2-8.59 

5,963 

5,100-6,050 

28.5 

20-34 

68 

62-75 


mm 

2 

8.875 

8.10-9.90 

9,150 

0,800-13,000 

34 

20-48 

65 

51-73 


i 

3 

7.96 

7.15-8.95 

8,430 

0,300-11,350 

36 

21-44 

62 

53-74 

1 

1 

4 

9.431 

9.05-9.775 

14,725 

12,800-19,450 

43 

35-49 

54 


1 


5 

8.525 

8.025-9.325 

15,250 

12,250-18,500 

18 

13-22 

76 

71-81 

3 

0 

6 

8.88 

7.60-10.45 

4,980 

2,100-0,550 

29 

20-36 

67.5 

60-78 

■Kfia 

0 

i 7 

9.24 

8.65-9.55 

10,810 

8,600-13,050 

34 

23-44 

63 

53-74 



f 8 

8.44 

7.75-9.325 

7,640 

5,000-9,300 

25 

15-45 

72 

54-81 

1 


9 


8.05-9.125 

11,810 

7,700-15,750 

27 

17-37 



1 



8.636 

7.60-10.15 

14,216 

l'3,000-17,750 

21 

17-27 

7o 

66-81 




2. Agglutinin Production . — In the agglutinin tests against Bad. hdarense 
one rat in Gi’oup 1 had a titer of 1 :320 and one rat in Group 8 had a titei 
of 1 -.160. All the remaining animals failed to give complete agglutination in 
the first tube and showed none at all beyond the third (1 :S0). The lack of uni- 
formity, the veiy low titers obtained, and the slowness of response to the antigen 
made it desirable to test the antibody formation ivith a different vaccine. 

. In Table II ai'e shown the results of this study with the typhoid-paratj'phoi 
vaccine. The basal male rats had titers 23.3 per cent as high as the well- e 
males, and the females were 45.1 per cent of normal. The three inteimediate 
groups were also greatly inliibited in their ability to foim antibodies. 
was a spread in the individual titers of rats in each group, but in no case i u 
deficient rat have a titer as high as the controls. Conversely^, the control ni s 
had a more uniform titer, and their lowest titer was equal to, or above, la 
highest titer of any of the deficient animals. 


Table II. Agglutikation Titebs op Hats Fed Dippep.ekt Diets 


GROUP 

1 

o 

3 

4 

5 
G 

7 

8 
9 

10 


average titer 
IT2390 
1:3718 
1:2810 
1:4120 
1:10,240 
1:7368 
1:6656 
1:7168 
1:9216 
1:16,336 


RAKOE 

TT3lo-l;5l'2b 

1 : 610 - 1:5120 

1:1280-1:5120 

1:2560-1:5120 

1:10,240-1:10,240 

1:5120-1:10,240 

1:2560-1:10,240 

1:2560-1:10,240 

1:5120-1:10,240 

1:10.240-1:20,480 
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3. rhagoc\jtic Aciiv\t\j . — The second column in Table III shows the mean 
mimber of bacteria engulfod by iioulrophilie polymorjilionuclear loneoeyics in 
all rats iu cacli group. Tliesc cclLs m rats on a basal diet were 60.6 per cent for 
the males and 04.2 per cent foi' the femalc.s as active as tliosc in tlic control 
groups, TJie rats of Oroiips 2 and 7 and 3 and S did not vary significantly from 


Tabu: III. Phagocytic Aci'ivity op Anim\ls on Difi'koent Dikts 


CUOUP 

MK\.V Nl MJJEJI OK 
llAOTEP.J.t Ml.U.OC\TIZEl» 
j-n; ('EJ.I, 

WKKKIIENCK. OK 
HEAX.S KnO.\l n.\S.\I. 
finoup 

rr.OB.\u£.E 

EnROR OK 

IHKFEIIKNCK X 4 

i 

S.y4l)i> 1 0 3.554 



2 

8.2000 i0..3710 

0.6734 

2.05GS 


7.8800 Z 0.35:i4 

1.0534 

2.004S 

-1 

11.940010 3877 

3.0000 

2.1037 

5 

14.740010.4235 

5.S000 

2.2114 

r. 

15.99.34 1 0.2459 



7 

14.750010.2750 

1.2374 

1.428 

8 

14-3.32010.4004 

l.CCH 

1.8790 

9 

I9.07S4 1 0.1500 

3.0850 

1.1603 

30 

23..34nu±0..10D7 

7.3532 

1.5G93 


tile basal diet animals, while the rats of f»mups 4 and 9 were within 74.2 and 
81.7 per cent normal, respectively, ('olumn 4 is the calculated prolmble error of 
the difference between means, times four. This .show.s how large the figures in 
column 3 must bo before the difference in means is significant. There is thus no 
significant increase in j)hagocyti<’ activity in any of the grou}« except 4 and 9 
and 5 and 10. 

The larger number of bacteria pliagocytized by the females as compared to 
tlie males may or may not be significant. All procedures, ns jircviously men- 
tioned, were cai’ried out on the same day and were designed so as -to give a 
quantitative chock between the nudes in the moi-ning and the females in the 
afternoon. In spite of the precautions taken, a change in the density of the 
suspension might veiy well account for the difference in the results. It was not 
coiwidercd advisable to attempt to check tJie results by I'cpeatmg the counts 
since Mill.s* has found that bleeding the rats upsets the phagocytic activity 
so as to pi-cveiit a reliable check. Kveu so, it is intcrosting to note the elo.se 
agreement between the percentage variation of the sox groups. 

DISCUS-SION 

Thcvse studies support the working hypothc.sis that resistance to bacterial in- 
fections may be depressed by inadequate nutrition. Their importance is en- 
hanced by the fact lliat the animals were eating the same diet that gives rise to 
the mixed deficiencies seen in patients at this clinic. The demonstration that 
antibody production is depre.sscd in rats is iu agreement with the observations 
of Morey and Spies*® in pellagidna. Also, the fact tlmt granulocytic leucopenia 
occurred in rats is interesting because for several years we have been studying 
the incidence of and role of nutrition in Icueopenia in people in an area of 
endemic malnutrition. Furthemore, the lowered phagocytic activity in rats 
on an inadequate diet is being supported, at least in part, by studies noAV in 
progre.s.s on the in vitro phagocytosis of the granulocytes of mabiourished per- 
sons. 

It is evident from the fine work of Foster, Jones, Henle, and Dorfman*'’* 

Rasmussen, Waisman, Elvehjem, and Clark®* that vitamin deficiencies do 
not invariably lead to a lowered i^istaiiee to infectious diseases. These investi- 

•Personal communication. 
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gations show that with the virus of poliomyelitis, a thiamine-deficient mouse is 
actually more resistant than the well-nourished mouse. The time for onset of 
sjTuptoms, their severity, and, to some extent, the mortality rate are all in 
accord with this fact. The explanation is at present not clear, but an attractive 
suggestion is that some nutrient essential for the reproduction of the virus is 
absent. Since the defense mechanisms against bacterial diseases do not seem 
to function in the same way against many virus diseases, the results reported 
in tliis paper need not be considered as contradictory to the above. On the other 
hand, since the difference in final mortality rate between the various groups 
of mice studied by Foster and associates is the least significant of all the criteria 
used in their studj', the fatal outcome of the infection was therefore not so 
strikingly altered by diet. Moreover, the absence of clear-cut results in detect- 
ing a difference in agglutinin production with Bacf. tularense as antigen suggests 
that the procedure adopted for testing the influence of malnutrition on suscepti- 
bility to disease may be important. 

The hypothesis that a well-balanced diet is important in maintaining the 
defenses against infections is supported by this work. Of the rats recehung 
the vai’ious dietary supplements employed in this study, only those (Groups 5 
and 10) that received minerals, proteins, and vitamins were nomal. Of the 
rats on the remaining diets, tliose of Groups 4 and 9 (protein and vitamins) 
showed a significant elevation of the defense level above that of the rats in the 
basal group but somewhat lower than the adequately fed rats. Thus, if minerals 
or vitamins are withheld, the various defenses may be depressed but not in the 
same proportion as growth. However, it seems unlikeb’- that it is because of a 
specific functional requirement for such factors alone rather than the extent to 
which the absence of that factor influences the well-being of the whole organ- 
ism, Therefore, in mixed deficiencies, the importance of restoring the organism 
to a balanced nutritional regime becomes apparent if that organism is to he 
able to defend itself adequately against the onslaught of bacterial infections. 

SUMMARY 

1. One hundred Sprague-Dawley weanling rats Avere divided into ten 
groups with ten rats in each group. The rats in five groups Avere males and 
those in the other five groups were females. One group from each sex aaus fed a 
basal diet composed of corn meal, unenriched flour, pork fat, and sugar in ap- 
proximately the same proportion as is eaten bj’' many families seen at the Nutri- 
tion Clinic, Hillman Hospital, Birmingham, Ala. The remaining four groups 
of males and of females Avere givmn the basal diet supplemented Avith casein, 
casein and minerals, casein and vitamins, and casein, minerals, and vitamins. 

2. GroAAflh Avas recorded and three defense mechanisms against bacterial in- 
fections AAmre measured after the rats had been on the diets for a period of from 
61 to 146 days. 

3. There was a decided decrease in total leucocytes and in aU leucocytic 
elements in the rats on the basal diet after tAvo months. The differential counts 
sliOAved a relative increase in granulocytes and a relative decrease in Ijunpho- 
cytes in the same animals. Only those rats receiving all three supplements 
were normal, Avhile the others Avere intermediate betAveen the two extremes. 

4 The males and females on the basal diet had tjqihoid agglutmm titers 
23 ner cent and 45 per cent, respectiAmly, as high as the Avell-fed groups. 

Of the other groups, only those animals receiving casein plus vitamin supp e- 
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ments showed an apprcciahle elevation above these values, niul they were only 
about 50 per cent of normal. 

5. The phagocytic activity gave mults similar to those for antibody produc- 
tion. Only those animats with the casein plu.s vitamin supplement had value.s 
significantly approaching tlie activity of the well-fed rats. All other animals 
were only about G0-G5 per cent a.s active. 

G. Tliesc oiiservntions siniport the working hypothesis that resistance to 
certain bacterial infections may iie (iepresfcd by inadequate nutrition and arc 
in agreement with work previously done with patients. Jlalmitrition i.s tiuis 
shoivn to be a factor in suseeptiiiilily to infection, but this is not ncccHsarily true 
in every tyjie of iiitection. 

\Vc wisU to ackuo\\Jp<l(;o tUe of Oarol JoUlis*nu for her aid Itx fccdia};, 

i\oiplunp, ami fating for llii* uninmli* Ihrougiiout the |>priod of this mvc?ti}nvtjon. We are 
also grateful tn Dr. 0. A. MilW for griinttng ut ppjife m his laboratory for housing the 
amraais, for the use of sotue of hia equipment, ami for h»s lielp and suggestions with tlic 
technique involved in making t)ie phagiM-j-tie activity mea^umuent*.. 
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animals was entirely noutraumatizing and, as we liave previous^ stated, simu- 
lated closely tile manner in whieli human pneumococcal infections occur, 

A total of eighty-two rats, each approximately 300 grams, was thus inocu- 
lated. Of these, seventy-seven animals (93.9 per cent) hecame infected as mani- 
fested by blood cultures positive for type I pneumococci. Only those animals 
developing positive blood cultures were used in this study. 

Cultures of the blood were made just prior to the initial treatment, at 
twentj’-four hours after inoculation, at forty-eight hours, and at seventy-tvo 
hours, just prior to succeeding treatments. They ivere then made at daily 
inteiwals until death ensued or until no growth was obtained. The blood for 
culture was plated on Aveiy’s medium for pneumococci, to which was added 
5.0 mg. per 100 e.c. of paraminobenzoic acid. 

Determinations of free and conjugated sulfadiazine in the blood were made 
according to the procedure of Bratton and Jlai’shall.' A Klett-Summerson 
photoelectric colorimeter with a No. 54 filter was used. 

All animals used, whether dying spontaneously before the fifteenth day or 
sacrified on the fifteenth day, Avere autopsied. 

Although seventy-seven rats were successfully infected, seventj'-four are 
included in this report, since in three animals the suspensions or solutions of 
the sulfonamide drug Avere introduced accidentally into the trachea, producing 
immediate death. There was, therefore, an unequal distribution of animals in 
some of the groups. 

To insure accurate dosage, the compounds Avere either suspended or dis- 
solved in distilled AAmter and administered by gavage. 

DOSAGE OF SULFADIAZINE AND SODIUM BICARBONATE 

A series of nineteen animals, in Avhieh no therapy had been given, Avas 
used as a control for those reeeiAung treatment. Therapy Avith sulfadiazine, 
sodium bicai’bonate, and a combination of the tivo Avas begun tAimuty-four hours 
after inoculation Avith pneumococci. 

Sodium bicarbonate, 500 mg. per animal, was administered to each of tAventy 
animals on three successive days. 

Sulfadiazine, 300 mg. of drug per animal, Avas given to each of sixteen 
animals on three successive days. 

Sodium bicarbonate and sulfadiazine combined, 300 mg. of sulfadiazine 
and 500 mg. of sodium bicarbonate, aaus given to each of nineteen rats on thiec 
successive days. 

RESULTS 

Scries I (Control An muds). —Sixteen of the nineteen rats in Series I died. 
The mortality rate AA'as 84.2 per cent. Tlie a\mrage period of surviA'al of thc^e 
dying spontaneously was 6,0 days* Of these, two had. pneumonia alone. ^ 
had, in addition to pneumonia, one complication; meningitis occurred in tvo, 
empyema in four, peritonitis in one, and pericarditis in one. Three had two 
complications : empyema and pericarditis occurred in tAVO, and periear i is 
and peritonitis in one. In one, empyema, pericarditis, and meningitis, as aac 

as pneumonia, were found. i i 

Of the three animals survhdng fifteen days and sacrificed, tAAo la 
solving pneumonia and a third had active pneumonia involving the lelt tun,. 

The average duration of bacteremia of the surviAung animals was 5.6 days. 
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Series U (Sodium Bicarhonate). — Seventeen of the twenty nnimals in 
Series 11 died, giving a inorialily rate of 85 per cent. Tlie average period of 
survival of those dying spontaneously was five days. Of these, eight had 
pneumonia alone. Three had one eoniplieatiou in addition to pneumonia; two 
rats had Jtericarditis and one, peritoniti.s. Five had two complications: peri- 
tonitis and meningitis occurred together in two rats, and empyema and 
pericarditis in three. Meningitis, pericarditis, and empyema eompUcated the 
pneumonia in another of the rat.s that died .spontancou.sly. 

Of the three iuiimnl.s sacrificed, one had resolving hilateral pneumonia, and 
tlie others presented eviilencc of active bilateral pneumonia. 

The average duration of liaeteivmia of tho.se sacrificed was G.3 day.s. 

Scries III (Sulfiulwziiu ). — Only one of the sixteen rats in Series III died, 
giving a mortality rate of ti 9 per cent. This rat died on the eighth day with 
hilateral pneumonia and cmj'ycnia , the hlood stream had liccomc sterile on the 
tliiid day. 

Of those sacrificed on the tifleenlh day, autopsy revealed no pathology in 
two, molving piicuiiioiiia in seven, fihriiious jilcuri.sy in one, and broncho- 
piieiimonic involvement in five. 

The average duration of hactci-cniia of those sacrificed was 4.25 days. 

Series IV (Sul[adi<i:iiic end llknrhunnle). — There were iiiiictccu rats in 
Series IV. Death oeeiirred in Mini', or 47 4 tier eeiit. Four died on the fourth 
day, one on the sixth, three on the .seventh, and one on the eighth, the average 
period of survival lieiiig 5.G7 days. Five of thasc dying had pneumonia alone. 
In two, pneumonia was accompanied by one eompUention (empyema, perito- 
nitis), and the otlicr two rats oaeli had a combination of empyema and pericar- 
ditis ill addition to the piieumonie involvement. Ilemntnria oeoiUTod in the rat 
with pneumonia and peritonitis, this animal dying on the seventh day. and in 
two of the rats with pneumonia alone, hoth of which died on the fourth day. 

Six of the animals sacrificed on the fifteenth day had resolving pneumonia, 
two had broiieliopneniiionic involvement, and one had no pathology. 

The average duration of haetcreinia of those sacrificed was 4.8 days. 

SUMMARY AND CONCLUStON.S 

1. Type I puenmocoecal infection as manifested by positive blood cultures 
Was produced iji seventy-four albino rats. In those rats dying spontaneously, 
pneumonia and, in most instances, such complications as empyema, pericarditis, 
peritonitis, or meningitis were found at post-mortem examination. 

2. Sodium bicarbonate, sulfadiaxinc, and sulfadiazine in combination with 
sodium bicarbonate were administered to sixty-six animals, treatment being 
.started twenty-four houi-s after inoculation. 

3. In Type I pneumonia in rats, the administration of sodium bicarbonate 
alone resulted in a mortality rate essentially the same ns in those animals that 
received no medication at ail. However, sodium bicarbonate in combination 
with sulfadiazine resulted in a mortality rate of over seven and one-linlf tunes 
that obtained with sulfadiazine alone. 

4. In the rats receiving sodium bicarbonate alone and in combination with 
sulfadiazine, the cause of de.ath was pneumonia with a short survival period, 
whore, 1 .S in those receiving no sodium bicarbonate, the survival periods were 
longer ,and the animats died chiefly of complications. 

5. The average duration of bacteremia of the sacrificed animals was longer 
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Plfi t I 2 3 I Pn. + I 2 3 rPn.+ I 2 3 I Pn. t I 2 3 


Complications Complicotions Complications I Complications 

Central Sodium Sulfadiazine I Sulfadiazine 8i 

Bicarbonate I Sodium Bicarbonate 

Pig. 1 Per cent of total mortality due to pneumonia or to its complications. In each 

group are shown per cent of tota! deaths, in that group, due to pneumonia 
pneumonia with one complication (J) or •with two (2) or three (5) complications. The com- 
plications were empyema, peritonitis, pericarditis, or meningitis. 


SURVIVAL AND MORTALITY RATES 
OF RATS INFECTED WITH TYPE I PNEUMOCOCCI 



Survhol rZZl Mertolity 
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iu the rats receiving sodium bicarbonate than in those in either of the other 
groups. 

6. Visible toxic reactions as manifested by Iicnmtnria were present in 
15.7 per cent of the rata receiving a combination of sodium Incarbouate and 
sulfadiaainc as compared with 0 per cent in those in tlic other groups. 

7. Blood sulfadiaxine levels were essentially the same in the two groups 
of animals receiving the drug. The rats receiving the combination of sodium 
bicarbonate and sulfadiazine had a 15 per cent higher level of free sulfadiazine 
forty-eight and seventy-two houre after institution of therapy. 

The pooled blood of ten rats was used for sulfonamide determinations in 
each of the two groups. At forty-eight and seventy -two hours, respectively, the 
free sulfadiazine levels wore 10.8 mg. per cent and 12.0 mg. per cent in the 
rats receiving sulfadiazine and sodium hicarlioiiate, as compared with 9.5 
mg. per cent and 10.8 mg, per cent in those receiving sulfadiazine alone. 

SURVIVAL PERIODS OF RATS WITH TYPE I PNEUMOCOCCAL INFECTIONS 
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CONCLUSIONS 

Tliis experiment has shown that in rats sodium bicarbonate exerts a 
deleterious action in pneumonia. This effect can be seen in the rats receiving 
only sodium bicarbonate but is moi’e clearly seen in those receiving the combina- 
tion of sulfadiazine and sodium bicarbonate. We have no experimental evi- 
dence, as yet, to offer as an explanation for this phenomenon. 

We wisli to express our appreciation to Dr. William Dock for liis careful criticisms and 
suggestions in this study. 
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I N THE develoijment of new synthetic antispasmodics, esters of various 
organic acids and amino aleoliols have outstanding possibilities, according 
to a recent review bj’^ Raymond.' Bliekc and Kaplan= prepared a series of 
fifty-two such esters and found certain ones to possess local anesthetic and 
mydriatic actions. Furthermore, in this laboratoiy, tests of some of these esters 
have revealed antispasmodic actmty. One compound in particular, the benzibc 
acid ester of dimethylaminoethanol,'' seems worthy of extensive study because 
of its high activity. The following report deals udth an investigation of its 
pharmacologic properties. 


general properties 


The hydrochloride of dimetlndaminoethyl benzilate is a white eijstalline 
powder, soluble in water, and melts at from 183 to 185° C. When placed on t e 
tongue,’ it is slightly bitter and produces a sensation of numbness. It is 


From the Lilly Research Laboratories. Eli Lilly and Company. 

w orlanirSiemical department. 


ACTION OK y5-mlICTnYI,AJt!NOl;Tnvi, BKNZIIATE II YUIiOCIlI.OniBE 701 

chemically rclalcd to traseiitin, and its stnictiiral- formula is shown below. 
Hereafter, the compound \Yill be rcfen'cd to b 3 ' its serial number, IIK-141. 

cn, 

/ 

I— CHX'H.N dlCl 

/ \/ n ■ ■ \ 

\ / 0 CH, 

A.VTI.SI'ASMOniC ACTION 

Effect on Isolated Orrrans.—On a phamiacolofric basis, antispasmodies niaj' 
he divided into two groups; (a) those that inhibit parasjTnpathctic motor 
nciwes, ns e-Ycniplified by atropine, and (b) fho.se which direetl.v depress the 
smooth muscle fibere, or the papaverine Ij-pe. nalpcrn®' ' has designated these 
two classes a.s neurotropie and mu.sciilolropic, respeetivelj'. HK-141 apiieai-s to 
possess both tj-pes of action. 

The musculotropie cfTect of IIK-141 was tested on isolated guinea pig small 
intestines suspended in a bath of Loeke-Ringer’s solution. The usual Magnvts 
method of recording wa.s used. Ili.staminc acid pho.sphate in apjiropriafe 
amounts was emploj'cd to induce spasm of the mu-scle. After two minnte.s 
of histamine stimulation, iIK-141 wa.s added to the bath. 'When the peak 
action of the latter was attained, the hath was drained and refilled with 
fre.sh Ijoekc-Ringer’s solution. For comparative purposes, similar tests were 
run with s.vntropau and papaverine. AVeight for weight, the former wa.s fort}' 
to one hundred, and the later, two time.s, less active than ITIC-Ul in musculo- 
tropia action. Concentrations of HK-lll as low as 10'* mg. per cubic centi- 
meter were effeetive. 

By this tcclmique. small intestines of a rabbit were used to demonstrate the 
neurotropie action of HK-Ul. In place of histamine, muscle spasm was pro- 
duced by actyl-y?- mcth.vlcholine hydrochloride. On addition of lIK-lll to the 
bath, relief of spa.sm occurred rapidly. Under thc.sc circumstances, the com- 
pound was twenty times as effective as s.vnfropan, and about one-half ns active 
as atropine sulfate. The smallest amount of IIK-141 which produced this effect 
was appro.simately 10'® mg. per cubic centimeter. 

The antispasraodic property of HIC-141 was not limited to intestinal 
smooth muscle. Isolated uterine strips of a r.'ibbit, contracting under the in- 
fluence of epinephrine, were also inhibited by addition of this suh.stanee to the 
bath. In Pig, 1 is illustrated tlic aetioii of the drug on both isolated uterine 
and intestinal muscles of rabbits. 

liestdis Wiih Aiicsihcfizcd Cats. — ^Using a method similar to that of Bell 
and Bobson,® intestinal activity in situ was studied in eats anesthetized Avith 
sodium amytal. In place of the pliotoelcctric S 3 ’stem, recordings were made 
directly on a k^nnograph. Simultaneously, carotid blood pressure Avas recorded 
V Hg manometer. Experiments on fourteen animals sliOAA'cd that HK-141 in 
SRiounts as small as O.I mg. intraA'enoiisIj' caused transient I’claxatiou of the 

and depression of peristaltic rhythm. Tliesc doses AS'ere AA'ithout effect on 
blood pressure. 

The spasmolytic action A\’as also obsei*vcd aa'Iicu this compound aa’hs given 
by mouth. To produce a prolonged increiise of intastinal aetiA'ity, cats AA'ere 
mjected subcjutaneously Avith physostigminc sulfate about one-half lioiir before 
administration of the antispasmodic bj' stomach tube. Doses of 15 mg. of HK- 

per kilogram, or larger, Avere effeetive in relief of the increased intestinal 
^otor activity, AA’hei'cas effective amounts of syTitropan AA'cre 75 mg. per kilogram 


V OH 
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or greater. Atropine sulfate given by the same route was approximately equal 
in potency to HK-141, These findings are based on tests made on twenty 
animals. In Fig. 2 is shown a record of the action of HK-141 when given 
orally. 


A = EPINEPHRINE HCI 
M = ACETYL p METHYL CHOLINE HCI 



^ I MO* A HIO’HKWI |:2XI0'M h4XIO'M P6XI0’M I'IO’HKWI 

I 

UTERUS INTESTINE •' 

MINUTES 


Fig. 1. — The effect of HK-141 on the isolated -uterus and small intestine of a rabbit 
in Looke-Ringer’s solution. Stimulation of motor activity of the uterus and intestine ws 
accompiished by epinephrine and acetyl-jS-methylcholine hydrochloride, respectively. HK- 
141 produced a prompt Inhibition in each case. 
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Fig. 2.— The action of HK-141 on intesUn^ ™f"^Sff'l,nd‘Robson "‘^At’ arro^ !»'' 

^I’s'n^ effect on ‘the blood pressure. 
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Actimi, in Vnancstliciizcd Dogs . — Three dogs, each oith a dstiik of the 
stomach, were trained to lie qiiicily on a table while gastrie motility was recorded 
hy the balloon and wnter-inanomcler technique of Carlson.' Lehmann and 



MINUTES 


^ Fig. 3.— The Inhibition by HK-141 of hnneer contractions In a tralnea unaneatheti*c«k 
oog. For recording purposes, a balloon connected to a water manometer was introduced into 
the stomach via a fistula. The arrow indicates a dose of HIv*l41 odimnlslercd through the 
fistula. 



DOG NO. 204 WT. (O.OKG. 
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3MG HK14I 


MINUTES 


cftrf? — Iiepresslon of the smaW IntesUnea W HK-l-tl. Iniesttnal movementa were re- 

3#f ^ tvater manometer connected to a swiaH balloon In a Thiry fistula of n dog. JJK- 

Jj.fdminUtered intravenously produced rapid decrease of tone but little or no effect on seir* 
"rental movements. 
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Ehoefel,’’ in. tlieir study of some related eompounds, employed a similar pro-' 
cedure, except that they produced gastric hypermotility by insulin injections. 
In our experience, we found that it was necessary to starve the animals for 
twenty-four hours only before strong gastric contractions appeared. After 
starting the record, a hunger period was allowed to proceed until contractions 
were vigorous. In the middle of the period of hunger contractions, as judged 
by control experiments, an intravenous injection of from 2 to 5 mg. of HK-141 
(total dose) produced prompt inhibition of the hunger contractions, usually of 
one-half liour’s duration. The same effect oceuiTed when the drug was intro- 
duced directly into the stomach through the fistula, although under these cir- 
cumstances, there urns a ten- to fifteen-minute latent period. stomach, the 
effective dose was 2.5 to 10 mg. (total) and the duration of action about the same 
as that for the inti’avenous dose. These results were obtained from a total of 
eighteen experiments performed on these three dogs. In Fig. 3 is seen a record 
of the action of HK-141 on hunger of one of them. 

The effect of the compound on intestinal motility was tested in five experi- 
ments on a dog -with a Thirj’’ fistula of the ileum. Means of recording were the 
same as for hunger; however, a smaller balloon was necessarily used. The in- 
travenous injection of from 0.5 to 10 mg. produced a decrease of tonus of tem- 
porary duration. In Fig. 4 is shown a record of this effect. ’ There apparently 
was little or no action on the segmental movements. 

MYDRIATIC AND LOCAL ANESTHETIC PROPERTIES 

Solutions of HK-141 in various concentrations were instilled into the con- 
junctival sac of seven albino rabbits. When the percentage was 0.05 or greater, 
these solutions produced dilatation of the pupil and inhibition of the light reflex 
similar to those produced by atropine sulfate. A 1.0 per cent solution similarly 
applied to the eyes of three rabbits caused anesthesia of the cornea of fifteen to 
twenty minutes’ duration. No evidence of irritation was noted at any time. 
These results are in general agreement with those of Blicke and Kaplan. 

ACTION ON CIRCOLATION AND RESPIRATION 

In four cats anesthetized with sodiiun amytal, blood pressure and respira- 
tion were recorded in the usual manner. Intravenous doses of HK-141 of 1.0 
mg. or less were generally without effect on either blood pressure or respiration. 
When anesthesia was light, doses of from 10 to 20 mg. caused a moderate stimula- 
tion of respiration and a blood pressure fall of from 20 to 80 mm. Hg of a few 
minutes’ duration. Under deep anesthesia, injection of from 5 to 10 mg. le- 
sulted in a rise of from 30 to 70 mm. Hg with slight respiratory depression. 
Doses of from 20 to 40 mg. produced a marked fall of blood pressure and fre- 
quentlj’" were fatal. Respix'atory changes probabl.y were secondaiy to bloo 
pressure variations, since the former appeared shortlj' after onset of the latter. 

EFFECT ON SALIVARY SECRETION 

In a dog anesthetized with seconal sodium, Wharton’s duct was cannulated 
and connected to a drop recorder. In order to obtain a fairly rapid flow of 
saliva, pilocarpine was injected subcutaneously a few minutes beforehand. In- 
travenous administration of 0.1 mg. of HK-141 caused a prompt decrease in 
drop rate from , 8 to 2 per minute, with recovery to the original rate m nme 
minutes. The same dose of atropine sulfate was someivliat more potent, causing 
depression of drop rate from 8 to 1 per minute and return to original in seven- 
teen minutes. 


ACTION OF ^-DDtKTmT.AjnNOETIlYI, BENZICATF, HYDROCHI.OntDK 705 
Toxicin- STonics 

Acute Toxicity in Mice ami Jlals . — The median letlinl dose ± standni'd 
error was detennined botli by ora! and iiitraYcnous administration to starved 
albino mice and rats. For eomparison, similar determinations were made 
with sjTiti-oiian given intravenously to mice and rats and with atropine sulfate 
administered by vein to miee. Computations were made according to the method 
of Bliss,® Ecsults arc sbomi in Table I. nK.141 was somewhat more toxic 
tiian either syntropan or atropine sulfate. However, the lethal ora! dose was 
quite large for both rats and mice, which may indicate that this substance has 
a i-elativcly low toxicity. Furthermore, IUv-141 is much more nclivc as an unti- 
spasmodio than .syntropan, so tlie margin of safety of the fonner sliould he 
greater than tlmt of the latter. 


T.iclk I. TiiF, MemAx LrTit.ir. Dobss (LD„'8) or llK-t4T, SvNTr.oi*AN, Aun Athoi’inf. 
8( rr.vTK IX Mirs .\xa U,\ts 


I'P.VO 

zVS'lifAl. 

MVTK OS’ 

AlfJUN I-STH-VTIOS* 

NUMBEll 

ANtMzVtiS 

UBKH 

I.pja t BTAKpUin 

Knnoil 

(«0. I'EK KO.) 


Mouse 

lntra\ CHOUS 

C.0 

atv.'j ± 2.U 

HK-Ul 

Oral 

GO 

liJsJ.O i 15.1 

J!at 

Intravenous 


± i.P 


Oral 

04 

■Til T'l lEWBlT— ^ 

SjTitTopan 

Mouse 

lntravcu«»u^ 

05 

B|||||gnnpQjB| 

HiBi 

lnim\en<»us 


42.8 t 2.5 

■BlShSiaMBm 


Int nivcnous 


rr.5 ± 3.5 


Feeding Experiments in Rats . — Employing the metliod of Anderson, Hen- 
derson, and Chen,” young rats weighing about 80 grams were given a diet to 
which HIC-141 had liccn added. Six groups of five rats each were used, each 
group receiving a difl'eivnt percentage of tlic dnig. Tlio percentages tested were 

0.05, 0.1, 0.2, 0.3, 0,5, and 1,0, Food and drug intakes were recorded daily, 
while body weights were taken twice a week. The procedure was continued for 
Uvcnty-cight days. At the end of this period, the rats on the highest percentage 
were subjected to necropsy. Alt rats survived the test period, but tlie 1,0 per 
cent diet definitely depressed growth. Wciglit gain was affected veiy little with 
concentrations as high as 0,5 per cent. The post-mortem examination of rats 
whose growth was depressed revealed no pathologic changes. It appeared that 
niC-141 was relatively well tolerated by rats even in large doses and for pro- 
longed periods. 

CONCMJSrONS 

The comiionud (S-dimethylaminoethyl henzilatc hydrochloride {HK-141) 
was studied by a number of phanimeologic procedures with the following re- 
sults; 

1. The antisirasmodie action of HK-141 is both neurotropic and musoulo- 
tropie as demonstrated on isolated small intestines. Its ability to antagonize 
Parasynipathotie stimulants approaches that of atropine sulfate, wliile its direct 
action on smooth muscle is far greater than atropine sulfate and even stronger 
than papaverine. In botli respects, HK-141 is much more potent than syntropan. 

2. Isolated uterine .strips of a rabbit are also depressed by this substance, 

3. HK-141 lias an antispasraodic activity equal to atropine sulfate when 
given by mouth to anesthetized cats. 

4. HK-141 in doses of from 2 to 5 mg. intravenously, ot 2.5 to 10 mg. orally, 
inhibits hunger contractions of unancsthetized dogs. Intravenously, from 0.5 to 
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10 mg. of the compound depress the tone of small intestines of a TMry fistula 
dog. 

5. The local anesthetic and mydriatic properties of J3K-U1 hare been eon- 
finned in rabbits. 

6. Antispasmodic doses of this substance usually have no effect on blood 
pressure or respiration of eats. Under light barbiturate anesthesia, larger doses 
cause a fall of blood pressure and respiratory stimulation, .while the reverse 
occurs with deeply anesthestized animals. 

7. HK-141 depresses saliva xy secretion of a dog but is less active than 
atropine sulfate in this respect. 

S. The median lethal doses of HK-141 in rats and mice by intrax'enous injec- 
tion are smaller than those of syntropan and atropine. 

9. Rats fed the compound in quantities as great as 1.0 per cent of the diet 
for twenty-eight da 3 'S show no pathologic changes. This amount depresses 
growth, but percentages of 0..5 or less have no appreciable effect on weight gain. 

The authors are indebted to Mr. B. C. Anderson, Mr. "Wallace C. Wood, and Miss Nila 
Maze for their invaluable assistance in these experiments. 
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THE SIUNIPICANCE OP VERY LOW VALUES FOR 
BLOOD UREA NITROGEN 

Russel 0. Bowman, Ph.D., Frances P. Croivell, B.A., 

AND Laura P. Olson, B.A. 

Providence, R. I. 

O NE of the end products of protein metabolism in man is urea. This waste 
product is present in the blood stream and is excreted from the body 

mainly by the Iddneys. _ . . 

Pormation of urea is limited almost entirely to the liver, as shown origi- 
nally by BoUman, Mann, and hlagath,^ and confirmed by Krebs and Henseleit,- 
with the tissue slice technique. The latter workers proposed the modern eon- 
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cept of urea formation as due to flic oomliinatioH of carbon dioxide, ammonia 
from oxidative deamination of amino acids, and ornithine to give citrulline. 
Citrulline reacts rvith more ammonia to give arginine, which by the action of 
iiver arginaso is broken down to ni-ea and ornithine for repetition of the cycle. 
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Since Krebs” review in 1936, Evans and Slotin* and Rittenberg and 
AVaclsch' have shown, by means of i-solope stndie.s, that the carbon of urea is 
derived from carbon dioxide. Sehiinlioimer and Rittcniierg' liavc shown that 
the amidine group of arginine is derived from ammonia, with a similar teebnique. 

Bach and Williamson’ east some doubt on tiie ornithine cycle as the sole 
mcchani.sm for urea formation, but it is probably the major one. 

Once formed, urea does not c.xchangc amino groups with proteins or amino 
acids. Urinary ammonia is not derived from urea, as formerly taught, but 
from amino acids’ by action of the amino acid oxidases of the kidney cortex 

The norasal amount of urea in blood of man was determined by JIacKay 
and JlacKay* by 278 observations on 161 subjects. For males the range was 
25.8 to 46.2 mg. per 100 c.c. and the mean 33.0. For females the range was 
lower, 11.0 to 39.0 mg., and the mean lower at 24.4. Blood samples were usu- 
ally obtained in the afternoon and their values, for this reason, might be 
slightly higher than fasting value.s. They stated that “blood urea of lower 
than 10 mg. may be considered of questionable normality. ’ ’ 

Osterberg and Iveitli” reported twenty-five cases in man of blood urea 
lower than 10 mg. per 100 c.c. for a four-year period. More females than males 
were present in the group. Every case was one of severe wasting disease, with 
cither low protein intake or diure.sis. 

During a period of ten years, while about 80,000 blood urea determina- 
tions were done in our laboratory, wc have noted many instances of very low 
Mood urea, but we have been unable to explain all of them as Osterberg and 
Keith did. 

METHOD 

A modification of the van Slyke and Cnilcn aeration method was used, as 
follows : 

Two or 3 c.e. of well-mixed oxalatcd blood, obtained from patients after 
from eight to twelve hours without food or drink, were pipetted into an eight- 
f'y one-inch test tube. One cubic centimeter of a 16 per cent alcoholic extract 
of permutit-treated Jack bean meal and % «-«■ of M/2 phosphate buffer at 
pH 7.0 were added and mixed with the blood and the tube incubated in a 
water hath at 60° C. for fifteen minutes. About 5 c.e. of distilled water and 
six drops of eaprylie alcohol were added and the tube set up for vacuum aera- 
tion into 2 per cent boric acid solution with a methyl-red methylene-blue in- 
dicator, The .stopper of the blood tube was removed, 5 c.e. of saturated solu- 
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tion of sodium carbonate solution added, and the stopper replaced. Aeration 
was slow for dve minutes, then at moderate speed for fifty-fiye minutes. After 
aeration the boric acid tube was titr-ated to its original end point (blue) mth 
N/lOO sulfuric acid. Ifinal calculation was accomplished by multiplying the 
titer of N/lOO sulfuric acid by 7 for 2 e.c. of blood or by 14/3 for 3 c.c. of 
blood. This gives a value for blood urea as urea nitrogen in mg. per 100 c.c. 
It can be converted to milligrams of nfea by multiplying by 2.14, although it 
is our custom to express values as ui-ea nitrogen. 

All values to be reported were run in duplicate. Activity of the urease 
and accuracy of the method were checked with known lU’ca solutions and by 
recovery of urea added to blood. All such checks proved the method was 
reliable and accurate. 

DATA 

From March 1, 1934, until March 1, 1944, among approximately 80,000 
determinations of blood urea nitrogen, we have 315 determinations on 276 
patients which were belo'w our arbitrarily selected '^'alne of 5 mg. per 100 c.e. 
(equivalent to a blood urea of less than 10.7 mg. per 100 c.c.). In Fig. 1 is 
shown the incidence of these eases month by month throughout the period. 
Although there seems to be a higher incidence during 1940 and 1941, more 
urea nitrogen determinations were being done in our laboratory at that time. 
There is some correlation, but not a close one, between the total number of 
determinations of blood i\rea nitrogen (B.U.N.) and the incidence of, very 
low values. 


ISTRIBUTION OF NuMBER OF LoU B.U.N S EaCH MoNTH FOR lOYfftPJ 
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Of the 276 eases, 210 were females and 66 were males. The sex distribu- 
tion of patients in this general hospital is about half male and half female. 

In Fig. 2 is shown the age distribution, ranging from 5 months to 79 years. 
The pattern resembles that of the age distribution of all patients admitted, 
and no correlation with age is warranted. The average age was 36.3 years. 

The distribution of all very low values is shovm in Pig. 3. Three instances 
of B.U.N. of less than 2.5 mg. per 100 e.c. were encountered in three patients. 
One Avas in a 28-year'Old woman Avith acute gastroenteritis, rvho had values 
of 3.5, 3.0, 4.9, 2.1, 6.3, and S mg. per 100 c.e. on two admissions. Another 
was in a 23-year-old woman Avith chronic ulcerative colitis, Avho had values o 
2 8 2.1, 3-5, 5.6, 6, 6.3, 14, 5.6, and 5 during nine admissions. The third Avas 
in ’a 2i-year-old -n'ornan, in the third month of pregnancy, admitted for ar- 
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thritis of one ininti, ivlio Jmd oaij- Ivro determinations of 2.4 and 7. The firat 
two had poor protein nutrition, while the third Avas avcU nourished, Tiie low 
distribution of eases in the 3.G to 4,0 mg. section is explained by the fact that 
most determinations were run on 2 e.c. samples of blood and the titer could 
be determined only to the ncarc.st tenth of a cubic centimeter, so that values 
were 3.5 or 4,2, and seldom between these figures. 

If we eliminate cases with B.U.X. over 4.6 mg., the limit set by O.sterberg 
and Keith,'' theJ'O are .still 18.5 instnnees of very low values. 
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DISCUSSION 

In an attempt to explain why very low urea nitrogen may be present, the 
charts of 101 patients, on whom 126 detenninations of B.U.N. below 5 mg, per 
100 e.c. were obtained, were reviewed. The average age of those in the rei’icw 
group was 37.3 years, ranging from 5 months to 79 years, as for the ivhole 
group. There were seventy-two females and tweiity-uiiie males. The mean 
B.B.N. was 4.1 rag. compared with 4.3 mg. for the whole group. The ago dis- 
tribution and incidence of values ivere similar to those for the whole group. 

Because of Osterberg and Keith’s findings, we tried to classify the re- 
viewed cases as chronic wasting disease, chronie protein malnutrition, or acth'e 
diuresis. Thirty-si.x were considered chronic wasting disease, with cancer, 
severe chronic asthma, chronic gastroenteritis, osteomyelitis, or prolonged 
levers due to lung abscess, tuberculosis, thrombophlebitis, and endocarditis. 

Mo.st of these patients were in chronic protein malnutrition. Nine pa- 
tients Avere considered to have protein defieieiicies because of dietary habit or 
lack of intake of protein during postoperative eonvaleseenee. Eight patients, 
ether than those mentioned, Avere m aetiA-e diuresis for more than tu-enty-four 
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hours before the urea nitrogen detei’mination. The remainder, forty-eight 
patients, were not in diuresis, had had good dietary protein intake, were in 
good physical condition, and had acute illnesses, or nonwasting chronic ones. 
As examples, a 52-year-old woman with chronic bronchitis, cor pulmonale,, and 
mild pyelitis had a B.U.N. of 3.5 the day after admission ; a 37-year-old woman, 
admitted for phenobarbital and bromide intoxication, had a B.U.N. of 3.5; 
a 32-year-old woman had B.U.N.’s of 3.5 and 4.2 on two different admissions 
for osteomyelitis of the fourth finger of the left hand caused by a human bite; 
a 59-year-old woman udth mild diabetes mellitus and a mild chronic EscJieridiia 
coli cystitis had one B.U.N. of 3.5, two of 4,9, and twenty-two others ranging 
from 6 to 25 on three admissions, but showed low specific gravity and urine 
volume more than 1,500 c.c. previous to only one of the three very low values, 
a 4.9; a 60-year-old woman, with a chronic gastric ulcer history admitted for 
obstruction had an aluminum hydroxide calculus removed from her stomach 
when her B.U.N. was 18, and one month later, just before discharge, she had 
a B.U.N. of 3.5 ; a 79-year-old woman with acute intestinal obstruction due 
to a gallstone had a B.U.N. of 27 on admission, one of 7 the day after opera- 
tion, and one of 4.2 five days after operation, with daily urine volume never 
exceeding 1,200 c.c. ; a 13-year-old boy admitted for acute osteomyelitis of the 
lower end of the tibia without fever had a B.U.N. of 4.2 twelve- days after 
irrigation and drainage, two others of 6 before and after the 4.2; a 25-year- 
old man -with edema of the legs and dyspnea had a B.U.N. of 4.2 when ex- 
amined as an ambulatory patient at the cardiac clinic; a 50-year-old man 
admitted for dermatitis medicamentosa had a B.U.N. of 4.2 ; a 52-year-old man 
with second-degree burns of the right arm and shoulder had a B.U.N. of 3.5 
on his second day in the hospital. 

Dietary or therapeutic factors which might influence the urea nitrogen 
were looked for, but none were found. The functional capacities of the liver 
and of the kidney were evaluated in each case. . No evidence of liver disease 
was obtained in 85 of the 101 revierved cases. In fourteen, there was minimal 
evidence for liver dysfunction, and in two there was marked liver damage. 

Evidence of marked liver damage was based on history of alcoholic in- 
take and ascites, hematemesis, low blood cholesterol, low hippuric acid excre- 
tion, and the clinician’s opinion. Most of the cases without evidence had only 
history and physical examination to rule out liver damage. A few had other 
tests which were negative. None had enlarged liver, jaundice, or history of 
jaundice, hematemesis, ascites, or poor appetite. One of the cases with marked 
liver damage also had normal and abnormally high urea nitrogen values. We 
have seen many other cases of marked liver damage -with increased blood urea 
nitrogen, but only these two cases in the very low range. 

The kidneys were presumed to be normal in eighty-three patients, were 
suspected of poor function in seventeen, and wmre markedly damaged in one. 
Osterberg and Keith® had one low urea in a patient who died later in uremia. 
Our patient had carcinoma of the cervix, grade III, bilateral pyelitis, and acute 
perinephritis. Her urea nitrogen rose from 15 to 36 before nephrostomy and 
abscess drainage, then fell to 5.6, rose to 17, and was 4.2 a few days before dis- 
charge with bilateral nephrostomy. She expired four months later at home. 

Ten of the 101 patients died. Four were dead more than one day, but less 
than seven days, after the low urea nitrogen determination. Six others died 
more than seven days after the analysis. Thus the finding of a very low urea 
nitrogen is not a pre-mortem change. Schmidt and Carey” have noted an 
increase in urea nitrogen just prior to death. 



SIONIFICAN'CE or VEHY I.OW VALUES I'OB BLOOD UREA KITUOOEN 


711 


Wc have no explanation for the higher incidence of females than males. 
The incidence is of the same order as that by Osterherg and Keith,” and 
JIacKay and JlacKay’ found lover values in normal vomen than in normal men. 

Although Osterherg and Keith" vere able to explain their cases, ve find 
about one-half of ours Avithout explanation. IVc have many examples of 
chronic Avasting diseases Avith poor protein intahe, and Avilh diuresis, yet AA'ith 
normal or even abnormally high urea nitrogen. There is no certainty that 
these factors AA-ill give very Ioav urea nitrogen values. We are more inclined 
to believe that such instances are rare and are explained by temporar 3 ' in- 
creases in kidney excretion of urea. Since urea is an important diuretic by 
itself, loAV blood urea Avould tend to decrease its diuretic action and lead to 
higher (normal) values later. 


suJiM,Anv 

Three hundred fifteen instances of blood urea nitrogen of less than 5 mg. 
per 100 C.C., in 276 hospital patients, Averc found in ten years among 80,000 
analyses. 

The A’cry Ioav figures for urea nitrogen Avci’e not found in any age group 
or correlated Avith diagnosis or therapj’. 

Verj’ Ioav figures Averc obtained three times as often in females as in males. 
The blood urea nitrogen reaches a Ioav of 2.1 mg. per 100 c.c. Values as 
Ioav as 2.4 mg. per 100 c.c. may be obtained Avithout evidence of diuresis, po6r 
protein nutrition, or dysfunction of the liA-cr. 
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A I’ROTECTIVE CABINET FOR INFECTIOUS 
DISEASE LABORATORIES 

C. C. Shepakd,* C. W. May,! and N. H. Toppmat 
Bethesda, Md. 

S EVERAL procedui'es commonl3'^ employed in the investigations of certain 
of the infections diseases are known to he dangerous. With the advent of 
the use of the embryonated egg for the growth of infectious agents it has 
seemed that laboratory infections have become more frequent. The membrahes 
and other tissues of the egg at times are exceedingly rich in the infectious 
agent and often the procedures designed to disrupt these tissues tend to dis- 
perse finely divided droplets into the air. The Waring blender is an example 
of one such piece of laboratory equipment extensively used for the grinding of 
tissues that will on occasion leak and disperse infected material into the air. 

Van den Ende§ has indicated the dangers inherent in intranasal inocula- 
tions of small animals. He has published a description of a box designed to 
protect the investigators engaged in such a procedure. The salient feature 
of this protective device consists of a constant draft produced by a gas burner 
with incineration of the contaminated air. 

Using the basic principle of the box described by Van den Ende, we have 
designed a protective cabinet to house electrical equipment which may be a 
source of danger. The important detail of this cabinet in a guillotine type 
Avindow Avhich, when open more than Vi inch, throws an electrical limit SAvitch, 
cutting off the poAver to the equipment inside. 

Description of the Protective Cabinet. — The cabinet is constructed of Avood 
and is made as nearly airtight as possible (Figs. A and B and Diagram 1). 
The floor is 30 by 30 inches, the sides are 24 inches in height, and the tapered 
top is approximatelj'^ 12 inches in height and leads to the exhaust stack. The 
front consists of a snugly fitting vertical sliding AvindgAV, counterbalanced by 
a sash Aveight and equipped Avith an electric limit sAvitch to control poAver to 
the electrical outlets located inside the cabinet. There is mounted in the eab- 
inet an ultraAdolet light and an electric light for illumination, each of AA^hich 
is connected to an independent snap SAvitch not in the circuit AAoth the limit 
SAvitch on the AvindoAV. A baffle, 8% inches square, of ordinary transite is 
inserted at the top of the box a short distance beneath the stack to interfere 
AA'ith the transmission of radiant heat from the stack. 

The stack is 43 inches in overall height and 7 inches in diameter. It is 
composed of three sections: (A) a 6-inch length of galvanized sheet metal 
stovepipe AAdiich is fastened to the top of the cabinet; (B) the heater section 
of %2 inch black metal 18 inches long which contains the burner (Diagram 1, 
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DETERMINATION OP AMINO NITROGEN OP BLOOD FILTRATES 
BY THE COPPER METHOD 


Anthony A. Albanese, Ph.D./ and ViRGiNrA Irby, B.S. 

Baltimore, Md. 

TN A PREVIOUS publication^ ivhich described the adaptation of the copper 
1 amino N method to the human urine, it was stated that due to sample size 
limitations the procedure could not be applied to blood filti’ates. Experiments 
since then, however, have shown that by a suitable adjustment of reagent volumes 
and concentrations the copper technique can also be employed to advantage in 
the determination of human plasma or serum amino N. In these biologic fluids, 
as in the urine, it has been found that other N compounds, namely, creatine 
creatinine, uric acid, urea, and ammonia, do not participate in the copper re- 
action, so that it is possible to cainy out the estimation without previous manipu- 
lation of the blood filtrate. This factor and the microquantitative characteristics 
of the reaction have been found to permit the accurate performance of this 
determination with a minimum expenditure of time and apparatus. The results 
obtained by the method compare favorably \vith those obtained with other 
techniques. 

EXPERIMENTAL 

Reagents . — 

Cupric chloride . 2 H^O : 27.3 Gm. are dissolved in 1 liter of water.- 

Trisodium phosphate ; 64.5 Gm. are dissolved in 1 liter of water. 

Borate buffer: To 57.21 Gm. of sodium borate in 1.5 liters of water con-, 
tained in a 2 liter volumetric flask are added 100 me. of N HCl and the volume 
adjusted to the mark vdth water. 

Copper phosphate suspension: 1 volume of cupric chloride solution is 
mixed with 2 volumes of trisodium phosphate solution arid 2 volumes of borate 
buffer. This suspension keeps well in the refigerator for about' one week. 

Thymolphthalein indicator: 0.25 Gm. of tlijunolphthalein (La Motte) is 
dissolved in 50 c.c. of 95 per cent ethanol and made to 100, c.e. mth water. 

Sodmm thiosulfate: 49.6 Gm. (0.1 N) are dissolved in 200 c.c. of water and 
this solution is made to 2 liters after the addition of 20 c.c. of amyl alcohol. The 
amyl alcohol seiwes as a stabilizing- agent. A 0.001 N solution is prepared and 
standardized as needed from the 0.1 N stock solution. _ 

Potasshim iodate standard: 356.7 mg. (0.01 N) of potassium iodate due 
at 110° C. for one hom* are dissolved in 1 liter of water ; 1 c.e. samples of this 
solution are used to standardize the thiosulfate solution. 

Starch indicator: 1 Gm. of Lintner solublized starch is dissolved in 109 
c.c. of saturated NaCl solution by heating on the steam bath. 

Potasshmi iodide: Made as needed by dissolving 1 Gm. of the salt per _ 


1 c.c. of water. 

Trichloroacetic acid: 10 per cent solution. 
Glacial acetic acid and 1 N. NaOH. 


' ^om the Harriet Lane Home of the Johns Hopkins Hospital and the Department of 
Pediatn^^-^TJie^Johns Hopktos ^ni'^ersi^^ Foundation and the Nutrition Foundation. Inc. 

N.W Vorl. H«P»I. 

New York. N. Y. 
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PROCKDUBE 

Collection of Sample . — ^Two oilric centimeters o£ plasma or serum provide 
sufficient material for duplicate analyses. The pla.snia may bo derived from 
blood collected over litbium oxalate or sodium citrate in the usual manner. The 
need for performing the estimation as soon after withdrawal of the blood as 
possible from the patient cannot be overemphasized. Hemolysis of the sample 
must also be avoided. ' 

Method . — One cubic centimeter aliquots of plasma or serum are transferred 
by pipette to 15 e.c. conical centrifuge tubes containing 3 c.c. of 10 per cent 
trichloroacetic acid. After thorough mixing and standing for ten minutes, the 
tubes arc centrifuged for five minutes at 3,000 r.p.m. The supernatant solutions 
are decanted through 2.5 cm. funnels containing paper filters (Whatman No. 5) ' 
into 100 by 13 mm. tubes and 2 c.c. aliquots are rcinoved to graduated 15 c.c. 
conical centrifuge tubes. To each of these filtrates is added in succession a drop 
of thymolyphthalcin indicator, N. NaOH to the appearance of the blue color, 

5 c.c. of copper phosphate suspension, and distilled water to the 10 c.c. mark. 
After being mixed by vigorous shaking, the reaction mixtures arc allowed to 
stand for five minutes and then centrifuged for five minutes at 3,000 r.p.m. Five 
cubic centimeter aliquots of the supernatant fluid arc removed from each tube 
to a 125 c.c. Erleiimcyor flask and acidified with 0.5 c.c. of glacial acetic acid. 
jVftcr the addition of 1 c.c. of ICI solution and 3 drops of starch indicator, these 
samples are titrated with 0.001 N thiosulfate from a very fine-tipped 5 c.c. 
microburette. The end point is distinct and permanent. 

Calculations . — Since each cubic centimeter of 0.001 N thiosulfate is equiva- 
lent to 0.028 mg. of amino N, the milligrams of amino N per 100 c.c. of plasma 
or serum are found from the following formula ; 

c,c. o£ 0.001 N tliiosulfatc required for 5 c.c. of final filtrate x 0.028 x 400 


The agreement IjcUveen duplicate determinations of the same sample is better 
than ± 1 per cent. 

RESULTS 

Representative data from experiments desigTied to test the applicability of 
the method to blood filtrates by the rccovcrj' of amino N from added amino acids 
and non-a-amino nitrogenous compounds are given in Table I. Foi’ this in- 
vestigation accurately ■weighed quantities of chemically pure compounds were 
dissolved in 10 per cent trichloroacetic acid and 3 c.c. aliquots of these solutions 

Table I. Eecovery of Amino N of Substances Added to Human Px.asua (1 c.c. of Pooled 
Human Plasma, Found to Contain 0.0694 Mo. op Amino N Per Cubic Centimeter, 
Used fob Each Test) 


SUBSTANCES 

NITROGEN OP COMPOUND | 

ADDED 

1 TOTAL AMINO N IN 

1 SAMPLE ANALYZED | 

1 RECOVERY OF 
ADDED 
AMINO N 

1 (PERCENT) 

1 TOTAL N 

1 (MO.) 

I AMINO N 1 

( (MO.) J 



Urea 

1.40 

0 

0.0694 

0.0689 

99.3 

Ammonium sulfate 

0.93 

0 

0.0694 

0.0708 

101.5 

Creatine 

0.26 

0 

0.0694 

0.0694 

100.0 

Creatinine 

0.45 

0 

0.0694 

0.0694 

100.0 

Uric acid 

0.30 

0 

0.0694 

0.0698 

100.5 

1 (+) ArKenino . HCl 

1.420 

0.355 

0.4244 

0.4260 

100.9 

tll-Lysine . HCl 

0.698 

0.348 

0.4174 

0.4180 

100.2 " 

dl-Alanins 

0.972 

0.972 

1.0414 

1.0250 

98.5 ' 

dMIethionine 

0.563 

0.563 

0.6324 

0.6230 

98.6 

I (-) Tryptopliane 

0.854 

0.426 

0.4954 

0.4910 

• 99.5 

Ami gen* 

1.390 

0.900 

0.9G94 

0.9740 

100.5 


„ ‘Kindly supplied by Mead Johnson & Co.; an enzymatic digest of casein contalninf- 64.8 
per cent of total N as free amino N. 
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were then employed as the protein precipitants for duplicate 1 c.c. portions of 
pooled plasma samples. Thus, it was found, as udth the urine, that the non- 
amino substances do not participate in the copper reaction, whereas the amino 
acids uniformity yield values which are in quantitative accord unth their amino 
N characteristics for the copper reaction. These findings further indicate that 
no appreciable loss of amino acids by adsorption is incun-ed from the trichloro- 
acetic acid precipitation of the proteins. 


Table H. Amino Nitkogen Content op Adult Human Blood Plasma and Serum* 

(Mg. per 100 c.c.) 


NORMAL 


ABNORMAL 


DONOR 1 

AMINO N 1 

1 PATIENT 1 

1 diagnosis 

( AMINO N 

A 

7.64t 

11 

Cholecystitis 

7.03 

B 

8.91 

17 

Nephrosis 

7.33 

1 

5.78 

19 

Syphilis 

7.51 1 

J 

7.84 

20 

Sypliilis 

7.57 

K 

7.72 

21 

Diabetes 

8.12 

L 

7.72 

25 

Diabetes 

7.71 f 

M 

7.94 f 

32 

Pneumonia 

7.92 

N 

7.48 

40 

Diabetes 

7.36 

0 

8.28 

42 

Nephritis 

8.96t 

P 

8.1Gt 

43 

Anemia 

8.24 

Q 

8.62 

46 

Malaria 

7.06 

E 

8.52 




S 

8.40 




Average 

7.94 




Average deviation 

±0.52 





•Samples marked with dagger (f) were derived from sera; the remainder from plasmas. 


The results of the analyses of normal and abnormal human blood plasmas 
and sera are given in Table II. The blood collections were all made from fast- 
ing subjects. A statistical treatment of the data from this limited series shows 
no significant differences betiveen the plasmas and sera or normals and pathologic 
entities listed. In one instance, 1 c.c. aliquots of ivhole blood were analyzed and 
the amino N value found to be 16 per cent higher than that of the plasma derived 
from the same blood sample. In this connection, it is of interest to note that 
eight plasma and serum samples w'hich showed varying degrees of hemolysis 
yielded an average amino N content of 9.67 ± 0.42 mg. per cent. It is obvioM 
from these obsenmtions that hemolj'sis of the sample must be avoided to obtain 
an accurate measurement of the plasma or senmi amino N. 


Table III. Comparison op Results op Amino N Analyses op Human Plasma bt the 
Copper Method and Other Methods (Mg. per 100 c.c. Plasma) 


INVESTIGATORS 

METHOD 

NUMBER OF 
CASES 

amino n 

Authors 

Copper-amino 

17 

5.8- 

Hamilton and Van Slyke^ 

Ninhydriu — CO, 

13 

3.4- 5.5 

Cramer and Winnicks 

Ninhydrin — CO, 

20 

2.3- 7.3 

Ivirk^ 

Gasometric 

22 

4.5- 8.1 

Van Slyke and Kirks 

Colorimetric 

9 

4.8- 7.8 


Gasometric 

9 

7.5-15.7 


Acetone titration 

9 

7.2-15.3 


Pormol titration 

3 

10.8-15.0 


DISCUSSION 

A summary of the data on amino N content of human plasma as reported 
by^ various investigators and the present authors is given in Table HI- 
general, the results of the various methods seem to agree as closely as could he 
expected considering the fact that the different methods do not determine 
exactly^ the same amount of amino N in each amino acid. The greatest diffei"' 
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cnee is found in some of the liigli values secured by Van Slykc and Kirk“ with 
the gasonietric, acetone titration, and fonnol titration tcelmiquos, hut these may 
iiave been due to some peculiarity of the nnreported condition of tlio patients. 

From the observations of othens* and our own short series, the measurement 
of amino N level of the jilasma appears to be of only limited dia"nostic value. 
However, it is a valuable index in the study of the intennediary metabolism 
of amino acids and related physiologic c.xpcrinients. In our c.xperieneo the 
method described is ideally suited for investigations which demand numerous 
determinations, in tliat tlic procedure docs not require the time-consuming 
preliminary treatment of tlic samples for the removal of urea, ammonia, or CO, 
whicli is the case with the other available methods. An idea of the rapidity of 
operation of fho copper amino N tcehniqiic can be gained from the fact that a 
trained assistant can perform from ten to twelve analy.scs within two hours with 
an accuracy of better than 1 per cent. 


.SWIJI.IBV 

The copper amino N inctliod has been successfully adapted for use witli 1 
c.c. of human serum or plasma. Analysis of the blood of thiilcen normal subjects 
yielded an amino N value of 7.94 ± 0.52 mg. per cent; and eleven abnormal 
cases, 7.71 + 0.7G mg. per cent. Thc.se data arc compared with those obtained 
by other investigatma employing the available procedures. 
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A Manual of Tropical Medicine. By Colonel Thomas T. UacUo, M.C., A.TJ.S. Executive 
Officer, Tropio'al and Military Medicine; Chief, Division of Parasitology, Army Medical 
School; Major George TV. Sunter, JII, Sn.C., A.U.S., Divdsion of Parasitology*, Army 
Medical School; and Captain C. Srooke TVorth, M.C., A.U.S., Division of Parasitology*, 
Army Medical School. W. B. Saunders Company, Philadelphia, Pa. Price $6.00. 
Cloth with 727 pages and 287 illustrations. 

The authors have succeeded in condensing salient material and much information of 
practical value into a concise manual of tropical medicine. The material is presented briefly 
yet in sufficient detail to be completely understandable. The illustrations are particularly 
good. The charts depicting the epidemiology of various diseases are of considerable interest 
and serve to emphasize important features in the control of disease. Therapeutic measures 
are covered adequately*. 

Section X, under the heading Medically Important Artln-opods, stresses the tremendous ■ 
importance of the arthropod in world disease, 142 pages being devoted to entomology. Un- 
necessary biological details are omitted, y-et the subject is well covered, showing clearly* the 
role of the arthropod in disease processes. Table 49, Hitman Disease Transmitted hy 
Arthropods, is an excellent summary of present-day knowledge on the subject. The entomo* 
logical illustrations are good and should be of help to the novice who requires a working 
knowledge of this difficult and vast field. 

The importance of laboratory procedures in the diagnosis of tropical disease is obvious. 
The authors have presented in Section XI, Lahoraiory Diagnostic Methods, a concise and 
clearly written outline of useful laboratory information. This portion of the manual should 
be especially helpful to the general practicing clinician who may not have adequate laboratory 
facilities at his disposal. 

For military and civilian physicians A Manual of Tropical Medicine will serve as a use- 
ful and reliable guide through the welter of subjects included under the heading Tropical 
Medicine. For the medical student, the simple, clear, and concise presentation of material 
will be of assistance in the perusal of more detailed volumes on tropical medicine. 

E.. J. B. 

Penicillin Therapy Including Tyrothricin and Other Antibiotic Therapy. By John A. 
Kolmer, M.S., hl.D., Dn. P.H., Sc.D., LD.D., L.H.D., F.A.O.P. Professor of Medicine 
in the School of Medicine and tlie School of Dentistry, Temple University*; Director of 
the Besearch Institute of Cutaneous Medicine; Formerly Professor of Pathology and 
Bacteriology*, Graduate School of Medicine, University of Pennsy'lvania. D. Applcton- 
Century* Company*, Inc., 1945, New York, X. Y. Price $5.00. Cloth with 302 pages. 

The literature on penicillin has become extensive, as is alway*s the case with any* strik- 
ingly successful clinical procedure or agent. At the present time penicillin may be obtained 
by medical practitioners generally*, so that the need for correlating and summarizing the 
knowledge about it for practical purposes is evident. In this book Dr. Kolmer has prepared 
an extensive review of the literature with references to most of the original work and has 
made a particular efiTort to give the details needed for clinical use of the drug. It seems to 
this reviewer that this is worth while and important but that he has gone too far in two 
respects. In his desire to include all possible details, he has given many* that are unnecessary , 
such as a full-page illustration of a nurse injecting fluid into a vial w*ith a syringe. A so, 
the numerous possible applications of penicillin therapy* make a very* large number of 
tions in dosage and metliods of administration and there are often minor ditfercnccs o 
opinion on these matters in individual situ.ations. Dr. Kolmer has covered these points m 
detailed and encyclopedic manner and 1 think has not emphasized sufficiently that t ic m 
tellivent use of the drug must depend primarily on a knowledge of the fundamental 
of action and pathogenesis rather than on the exact procedure used by* someone else m i 
same disease. A few important references have been omitted from the book, but on 
whole it is valuable and may be recommended. TTieropo 
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Penicillin and Other Antibiotic Agents. By IValUicc HcrreU, M.D., M.S., F.A.C.P. 
AfSjstnnt Professor of Stedjcuif*, The Mayo Foumlation, TJniveraUy of Minnesotaj Con* 
f-ultant in ^^e<lk*ine, Mayo CUnlc, Kochcslor, Minn. W. B. SaiJTi(ler.s Co., Piiiladelplua, 
Pa. Price $3,00. Cloth with 34S pages and 43 illustrations. 

Perhaps no therapeutic agent was more critically cvaluateil in such a short period of 
time than was ponicinin. This do(\s not apply to the other antibiotics with the possible ex* 
ception of tyrothricin. Intense interc^t has lH>en nwinifested by the medical profession in tiie 
use of these agents, especially penicillin. In view of this, Br, llerrcU has attempted to 
ciystnllize tlie cxpcrinjent.ul «jh1 ciinic.nl studies curried out with penicillin and other agents. 
This is an O-spiration of cimsidernble magmtude, 

. The monogrtiph i«» divided into four parts. Part 1 is an exposition of tho well-known 
history of j>eniciUin; its projiortiesj plmrmactdogt ; uml a.^say methods. In Parts II and III 
are detailed the clinical u^-e of penicillin nnd its toxicity. In Part IV are discussed other 
antihiotio agents such a.s tyrothriem, streptothricin, and strejttomycin. Chapters within each 
of tlicse main soctiinis are fnlloued by references to the literature on the subject. 

The text is well written ami edited. It is not surprising that a definitive statement is 
not made concerning' many nepects of the subject, such ns the chenjistry of penicillin and 
its mode of action, and the clinical use of htreptoinycin. I/^ke^^^^e, after reading the clinical 
sections, the physiieian will be left in a quandary as to the \aliie of ponicjllin in such di.«easos 
as scarlet fever nnd peritonitis. Xevcrthele-s, most of the information available has been 
included in this work. Tlio section on tyrothricin is particularly well done. 

The publishers arc to be oouimendofl for the excellency of the print and reproduction 
of illuatrations. 

w. w, s. 

Microbial Antagonisms and Antibiotic Substances. By Reiman .1. iraVAmrtn, Professor of 
Microbiolog)*, Butgera University; Micndnologist, New Jor5ey Agricultural Experiment 
Station, Now Brunswick, New Jersey. Tho Commonwealth Fund, New York, N. Y. 
Price $3.75. Cloth ivith 3o0 pages. 

Tho recent discovery of tho therapeutic value of certain antibiotic substances has re* 
suited in a great wave of icterest in Um jn.aterial dc.alt w'itli in this book. As tho title indi* 
cates, it is more than a treatise on antibiotic agents. Doctor Wnksmnn has long been a lead* 
lag figure in the field of soil microbiology*, and since the soil is the source of most organisms 
knonn to produce antibiotic substances, it is not mere chance that he is now a leader in tliis 
new field. The book opens witli a general discussion of soil and water as habitats of micro- 
organisms. This discussion, dealing with tho interrel.ationships botiveea organisms in the soil, 
the physical and chemical nature of tho medium, the fate of pathogens on introduction into 
the soil, pathogens of soil origin, etc., should prove very interesting and instructive to most 
bacteriologists and medical men, as well as other biologists who have been trained to tlunk 
‘n terms of pure cultures and single infections instead of organisms in their natural habitats. 
Special attention is given to tho subject of plant and animal u’afttes aa related to soil popula- 
tions. In bringing the reader closer to the major thesis of the book, such phenomena as 
Sjnergism, sjTubiosis, parasitism, and antibiosis are discussed. 

The fourth chapter deals with tho more practical problems of isolation aud cultivation 
of antagonistic organisms and tho measurement of antibiotic action. The next several chap- 
ters are devoted to bacteria, aetinoniycetes, fungi, and animal forms as antagonists. In com- 
pleting this aspect of the subject, a short chapter is devoted to the antagonistic relationships 
between bacteria and viruses and among viru.'^es themselves. 

The second half of the volume deals with more familiar subjects such as the chemical 
aature of antibiotic substances, tiio mechanism of antibiotic action, and disease control. In 
tile final chapter Doctor Walcsnian speculates a hit on tlie future. No definite promises are 
made, but he leaves no doubt in the reader's mind that this is a field of science in which 
much may be expected. Already the problems have far outgrown the limits of microbiology, 
^d as time goes on, tho chemist, tho clicmothempist, the physiologist, and other specialists 
will make substantial contributions in tho development of this field. 

This book is exceptionally well documented, hawng a bibliography of more tlian 2,000 
references. Two extensive indexes are provided; one lists the microorgamsms mentioned and 
the other covers tho general subject matter. Tlie work is very readable and slionld prove of 
rauch interest and value to all students of biology and medicine, nnd particularly to workers 
raterested in the special problems of antibiosis. 


J. AiiraiTB JlERRlCK. 
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PENICILUN SENSITIVITV OE STRAINS OF SIX COJIMON 
PATHOGENS AMI OF HEMOPHILHS IIEMOLYTICUS 


JIanson' JIt:Ai)S, M.I)., Emvix JI. Oky, 5I.1I., 

Clahk. Wii.cox, and 5Iax\vei,l, L'intand, 5I.U. 

Boston, 5Iass. 

S uccessful penicillin thomijy depends iiiiiinly on hvo i'actor.s: the .sus- 
ceptibility of the infecting bactcri.i and the availability of an adcfiuatc con- 
centration of the effective agent to net upon the organisms. In general, the most 
gratifying clinical results have been obtained in those diseases in vlncli the 
causative organism is susceptible in vitro to concentrations of penicillin rvliich 
can readily be maintained in the patient. A knowledge of the relative .suscepti- 
bility of different .strains of the common pathogenic organisms, as tvcll as ac- 
quaintance with the general range of concentrations to be expected from the 
vise of various doses, intervals, and routes of administration, is, therefore, es- 
sential to the intelligent management of penicillin therapy. 

In this paper are presented the results of tests for sensitivity to commercial 
penicillin carried out on a number of strains of common bacteria. Other quan- 
titative aspects of pcniciliin therapy will be dcidt uith in separate communica- 
tions. 

MATF.nlALS AND MmitOUR 

The penicillin sensitivity of the different strains was tested in suitable 
media by the serial dilution method of Rammclkamp and 5Iaxon’ modified by 
the use of a final volume of 1.0 c.c. A strain of hemolytic streptococcus. No. 98, 
obtained from Dr. C. S. Keefer was tiscd as a standard reference strain through- 
out this study. Broth cultures containing 1.0 per cent hoise blood and seeded 
with approximately 10,000 of the standard streptococci per cubic centimeter 
were eonsistcntl.v sterilized by 0.0078 units of commercial penicillin in eighteen 
hours. Penicillin solutions were prepared at intervals from pools of five vials 
of commercial penicillin in sterile physiologic saline and stored at 5“ C. End 
points Avere read as the smallest amounts of penicillin in Avhich there rvas no 
evidence of gtwth at eighteen hours .and which yielded no growth in trans- 
plants on blood agar after another riventy-four hours of incubation. The crude- 
ness of such a biologic test and its broad limits of eiTor are well recognized. 

5Iost of the strains included in this report were obtained during the course 
of treatment of various infections on the adult medical wards or during clinical 
trijils of various forms of treatment in eases of acute gonorrhea in the out-patient 
gcnitourinaiy clinic.* Several strains of meningococcus isolated from patients 
and carriers tvero obtained through the courtesy of 5tajor Emanuel B. Schoen- 
hach. 

From llu* Thorncliku Moniorml lAuboiatorj'. Second untl Fourth llPdlcal Services (Har> 
'■ard), Boston City Hospital, and the Department of Medicine. Harvard Medical School. 

^ Part of the ponlclllln u-‘ied in thi*» study was pro\Ided by the Office of Scientific Research 
and Development from .supplies as.slcned by the Committee on Medical Research for clinical 
investigations recommended by the Committee on Chemotherapeutic and Other Agents of the 
f’ational Research Council. 

Received for publication, June 25, 1345. 

•The nutlions are indebted to Dr. Herbert H. Howard for the privilege of treating the 
patients In this clinic and to Mrs. Helen Trousdale for carrying out the culture studies and for 
<‘ther valuable assistance In the management of these p.atients. 
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JIEADS, ORY, WILCOX, AND FINLAND 
RESULTS 

The Susceptibility of a number of strains of each of seven diiferent or- 
ganisms is sho^vn in Fig. 1 and is indicated both in terms of Oxford imits of 
commercial penicillin and in comparison with streptococcus 98. The variability 
in the resistance of these organisms and among the different strains of the same 
organism is at once apparent and has already been noted by 'Pleraiiig- and 
others.^'” 



Fig. 1. — Penicillin sensitivity of 261 strains of seven different bacteria compared with the ref- 
erence strain of hemolytic streptococcus, No. 98. 

Gonococciis . — Gonococcus was the most sensitive of the organisms studied. 
Almost all of the strains were two or four times as sensitive as the reference 
strain of streptococcus 98. They were all obtained from cultures of cervical or 
urethral discharge of patients with acute gonorrhea. The majority were sul- 
fonamide resistant, but there was no correlation between the susceptibility to 
sulfonamides and to penicillin. Similar findings have been reported by oth- 
ers,^°’ some of whom have succeeded in increasing the resistance of these or- 
ganisms in vitro, but naturally resistant strains have not been encountered. 

Hemolytic Streptococcus . — Strains of Group A beta hemolydic streptococci 
were most uniform in their susceptibility to penicillin, almost all of them re- 
sembling streptococcus 98 in that respect. The strains listed are chiefly from 
pharyngeal and blood cultures. A considerably larger number of strains from 
patients with scarlet fever have also been tested and showed similar sensitim } 
to penicillin. At least twelve distinct types were represented, but there was no 
relation between type and penicillin sensitivity among these Group A strains. 




sensitivity 


Naturally resistant group A strains have not been encountered, but resistance 
has been produced in vitro'* and has been found occasionally to increase during, 
therapy.® Other Lanccficld groups were not studied, but Watson'^ shou’cd that 
only strains of Group D, Slrcptococcus fccalist arc insensitive, a finding which 
lias been confirmed with respect to strains isolated from urinary* tract infec- 
tions.'* 

Pneumococcus . — Tlic eightj’-eight strains of pneumococci represented twen- 
ty-four specific types and were isolated chiefly from sputum and blood of pa- 
tients with pneumonia before treatment. They varied in sensitivity from that 
equal to tlic control streptococcus 98 to being eight times more resistant. There 
was no correlation between the type and the sensitivity of the different strains. 
Naturally resistant pneumococci liavc not been encountered. Resistance of 
pneumococci to penicillin has been increased experimentally without altering 
their response to sulfonamides'*' or their vinilcncc.'* Conversely, the de- 
velopment of sulfonamide fastness was found to have no effect on the response 
to penicillin." 

Alpha Streptococcus . — ^lost of the twenty-four strains of alpha strepto- 
coccus listed in Fig. 1 were isolated from the blood of patients with subacute 
bacterial endocarditis, but a few were obtained in pure culture from infected 
body fluids or as the predominant organism from nasophar}Tigcal cultures. Most 
of them were two or four times more resistant than strain 98. TJie least sensi- 
tive strain was sixteen times more resistant than the control, and the most sus- 
ceptible one was tbc same as the control strain. Strains isolated after a course 
of penicillin therapy in patients with subacute bacterial endocarditis showed dif- 
ferences in cultural characteristics as compared with the orfginal strains, but in 
one instance a later strain was found to be four times more sensitive than an 
earlier one,'* Greater strain variability and the finding of naturally resistant 
strains have been reported.*- *• '** 

Meningococcus . — The fifty-four strains of meningococcus tested were iso- 
lated from the blood or spinal fluid of patients with meningitis or from pharyn- 
geal cultures of patients or carriers. They showed a wide range of sensitivity 
to penicillin, varying from two to sixty-four times more resistant than strepto- 
coccus 98. At least two of the more resistant strains were original strains 
isolated from patients who showed a poor response to treatment with intramus- 
cular and intrathecal penicillin and subsequently responded favorably to sul- 
fonamides.*' Most of the strains were also tested for sensitivity to sulfonamides 
and found to be highly susceptible. Serologically, thirty-nine of the strains 
were classified in Group I, four in Group II, three in Group Ilor, and eight could 
not be classified. There was no correlation between the serologic type and the 
sensitivity to penicillin. 

Staphylococcus aureus. — The thirty-six strains of Staph, aureus tested were 
mostly hemolytic and coagulase-positive strains isolated from the blood or exu- 
dates of patients with pneumonia, empyema, arthritis, or acute osteomyelitis. 
The individual strains showed the "widest variation in susceptibility to penicillin, 
ranging from 2 to 264 times more resistant than the reference strain 98. For at 
least six of the strains the inhibiting concentrations of penicillin were greater 
than those which can be readily maintained in the serum during therapy. The 
occurrence of naturally resistant pathogenic strains of Staph, aureus and the 
development of increased resistance of susceptible strains in vitro or during 
penicillin therapy have been reported.'* Nine of the strains were 

aonhemolytie and five were coagulase negative, but there was no correlation be- 
tween penicillin sensitivity and the hemolytic or coagulase activity. 
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Ifomophilus homohiticus.—Iiilarcst in the susceptibility to penicillin of 
this apparently nonpathogeiiic organism was aroused ' during the course of 
studies on the effect of a penicillin spray in patients with acute pharyngitis. 
In some, cases in which almost pure cultures of these pleomoi'phie, gram-negative 
bacilli were groum from the throat, they were found to disappear rapidly from 
pharyngeal cultures taken after treatment was begun. The twenty-one strains 
tested were isolated from throat cultures of^jiatients with acute pharyngitis or 
from sputum cultures from patients with pneumonia. The range of sensitivity 
of these strains was found to be similar to that of the great majority of strains 
of meningococcus and of Staph, aureiut. They ranged from four to sixty-four 
times more resistant than streptococcus 98, most of them being only four or 
eight times more resistant. The only other gram-negative bacillus which has 
been shown to have a similar .sensitivity to penicillin is Hemophilus ducreyi?^- 
Strains of H cmoplnlus mflvevzac and JI cniojyhihus pcrtussi.s have all proved to be 
highly re.sistant.-’ 

DISCUSSION 

The results presented confinn previous reports on the wide variations in 
susceptibility among organisms generally considei'ed to be sensitive to penicillin 
as well as among different strains of the same organism. A general acquaintance 
with the relative sensitivity of the common pathogenic organisms may be of 
considerable help in the intelligent management of penicillin therapy.^®’ 

Almost all of the strains of organisms dealt with in tin's paper have been 
isolated in relation to penicillin therapjL Except for H. hcmolytimis, which is 
included here onlj^ because of its peculiar interest as a penicillin-sensitive gram- 
negative bacillus, these organisms are representative of the great majority of 
susceptible pathogens encountered in general medical practice. Among these 
common pathogens only some of the strains of Staph, anre'its were sufficiently 
resistant to suggest that they might not yield to systemic therapy as now gen- 
erallj' used. Other staph.vlocoecus strains and some strains of meningococcus 
seem to be sufficiently resistant to require more than a\mrage dosage in order 
to maintain bacteriostatic levels. Other reports suggest that certain strains of 
alpha or gamma streptococci from patients with .subacute bacterial endocarditis 
likewise require relatively high concentrations of penicillin for the optimum 
effect. 

Meningococci, fortunately, arc quite uniformly sensitive to sulfonamides. 
Penicillin-resistant staphylococci and streptococci, on the other hand, still pose 
a challenging therapeutic problem because the focal lesions which they produce 
may be inaccessible for topical use of the antibiotic in sufficient concentration. 
In addition, these organisms are relatively resistant to sulfonamides as well. 

The contrast between the gonococcus and the meningococcus is of some 
interest. Both are usually considered to be sensitive to penicillin and to 
sulfonamides. The gonococcus, howevei-, appears to be considerabty more sus- 
ceptible to penicillin, while the meningococcus seems to be much more sensitive 
to sulfonamides. Sulfonamide resistance is appai-ently readily induced during 
.treatment of gonococcal infections. At any rate, sulfonamide-resistant strains of 
gonococci are being encountered with increasing frequency, whereas such re- 
sistance has not been encountered among meningococci. The reverse, however, 
seems to be time vdth respect to penicillin— relatively resistant strains are en- 
countered among meningococci but not among gonococci. 

The- exact nature of penicillin resistance is still a matter for speculation. 
The majority, though not all, of the naturally resistant organisms have been 
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found to contain or to produce a penicilliii-inactivatiu': enzyme."'’ Develop- 
ment of penieillin resistance, liowever, was found not to bo associated nith the 
acquisition by tbe bacterium of the ability to jiroduce such a penicillinase.^' 
Tlierc is some evidence that the development of resistance by bacteria exposed to 
proper eoncenti’ations of penieillin may he a process of selection by which sus- 
ceptible individuals are gradually eliminated as tbe concentration of the anti- 
biotic is increased. This leaves the more resistant individuals which then I’epro- 
duce further generations of resistant individuals.-'’ 

SVMM.MtY 

Tests for sensitivity to commercial penicillin in vitro have been carried out 
on 240 pathogenic strains of gonococcus, beta and alpha streptococcus, pneumo- 
cocens, meningococcus, and staphylococcus and also on twenty-one respiratory 
strains of II. hcmolnticu.'!. Tlicrc were wide dilTcrcnces in .sensitivity among 
these organisms and among difl'erent strains of the .same organism. 

The strains of gonococcus and of ftroiip A hemolytic streptococcus were 
the most sensitive to penicillin and showed the greatest iiniformit.v in that re- 
spect. The strains of slaiiliyloeoceus and meningococcus .sliowed the widest 
range of sensitivity. Jlost of the II. hcmolutiais strains reacted like the ma- 
.iority of staphylococci and iiiciiingococci. The .sensitivity of strains of pneu- 
mococcus and alpha .streptococcus was iiitcrmcdialc between that of beta strepto- 
cocci and mcniiigocoeei. 

Resistant strains, wliicli were 256 times more resistant than tlie reference 
strain of hemolytic streptococcus, were encountered only among the staphylo- 
cocci, Relatively insensitive strains, which were from sixteen to sixty-four times 
more resistant than the reference strain, were found among the staphylococci, 
meningococei, II. kcmolyticus, and alpha streptococci. 

Among the Group A streptococci, pneumococci, and meningoeoeci there was 
no correlation between the serologic typos and penicillin sensitivity. Among the 
patliogciiie staphylococci there was no apparent relation between penicillin 
sensitmty and the hemolytic or coagiilasc properties of the different strains. 
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T he treatment of infections noth penicillin has been largely empiric, and 
dosage schedules generally have been evolved by trial and error. Great 
stress has been placed upon the sensitivities to peniciUin of various organKms 
which have been classified as sensitive or insensitive. Petv assai's have been 
made upon body fluids in order to determine whether effective penicillin levels 
have been obtained and whether they were being maintained. 

^om the Department of Aledicine and the Department of Lahoratories, Jewish Hos- 

!wded°S-'rninta from friends of the Hospital and the Dazian Foundation for Medical 
Beseareh^^_^^^ for pubii^cation, June 25, a9-n>. 
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The treatment of certain diseases such as gonorrhea is relatively simple 
because of the extreme sensitivity of the infecting organism to small doses of 
penicillin. The treatment of diseases such as thromho-ulcerative endocarditis 
due to alpha or gamma streptococci is fraught with difficulties because of the 
great variability in the sensitivity of the infecting organisms and the need for 
prolonged adequate dosage. It is liighly desirable to be able to predict, if only 
approximately, what blood penicillin levels may be obtained and how long they 
vill be sustained with a given technique of administration. Studies of this type 
have been limited. Rammclkamp and Keefer' have shomi that the intravenous 
injection of a single dose of penicillin resulted in a very rapid rise and a rapid 
fall of the blood level so that at the end of two hours no detectable amounts re- 
mained. Absorption was somewhat slower and blood levels were better main- 
tained following intramuscular administration. The subcutaneous administra- 
tion was followed by irregular absorption and low blood levels. Cooke and 
Goldring^ have demonstrated similar findings in children treated with penicillin. 

Rantz and Kirbj’* have reported on the absorption and excretion of pen- 
icillin following continuous intravenous and subcutaneous administration. They 
find an approximately linear relationship between plasma penicillin levels and 
the rate of intravenous penicillin infusion when the material is given at a con- 
stant rate of flow. The continuous subcutaneous method was associated with 
plasma levels much lower than those following the intravenous method. The 
dosage schedules used did not exceed 480,000 units per day; clearance studies 
indicated that the maximal tubular excretorj- capacity of the kidneys had not 
been reached with this amount. 


METHODS AND MATEHIALS 


Penicillin : Penicillin was originally supplied as the sodium salt, powdered, 
dehydrated, and in vacuo, in bottles each containing 100,000 units. Appropriate 
amounts were dissolved in sterile, pyrogen-frcc isotonic saline or Ringer’s solu- 
tion. ‘With massive dosages, up to 10,000,000 units daily, the solution of so 
much dry powder proved arduous and entailed considerable loss so that sterile 
solutions* of sodium penicillin were especially prepared in a concentration of 
100,000 units per cubic centimeter. 

Penicillin Assay: Serum and urine were titrated routinely for penicillin 
content by the microbiologic method of Rosenblatt, Alture-Werber, Kashdan, 
and Loewe.^ 

Blood: Blood was collected aseptically by syringe and transferred immedi- 
ately to a sterile test tube. This was allowed to clot in the refrigerator and the 
separated serum was assayed for its penicillin content. 

Administration: When given by continuous intravenous drip,®*® suitable 
amounts of penicillin were dissolved in 1,000 c.c. of either isotonic saline or 
Ringer’s solution. This was allocated over a twenty-four hour period. With 
intramuscular dosage, the appropriate amount of penicillin was dissolved in 
2 c.c. of isotonic saline or 1 per cent novocain solution. The anesthetic vehicle 
■'vas used if the subjects complained excessively of local pain. It was previously 
determined that 1 per cent novocain solution had no antibiotic influence. 

Subjects: The subjects were all adult patients under treatment for sub- 
acute bacterial endocarditis.®*" The sexes were approximately equally repre- 


u, , We are extremely indebted to Mr. John L. Smith, of the Charles Pfizer Company for 
"".Keen Interest, valuable suggestions, and constant cooperation. Through him -vre were 
Tho to obtain the lavish supplies of penicillin utilized in all our experimental studies 
at p ?®P®elally prepared solution of penicillin proved to be convenient, time saving, and stable 
“v rerngerator temperature over a period of at least two weeks. 
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sented. No attempt was made to correlate body weight, habitus, or temperature 
with dosage or blood levels. • . . ■ 

Serum Penicillin Concenlrations Following Fractional Intramuscular Dos- 
— The most popular mode of penicillin administration is fractional intra- 
muscular injection. In Table I is a compilation of average blood levels obtained 
in several hundred determinations done on approximately 100 different subjects. 
It' must be emphasized that these are average curves for given dosage schedules. 
Individual determinations on the same or different subjects may vary from 
the norm by as much as 25 to 100 per cent. 


Table I. Penicillin Serum Levels Following Fractional Intramuscular Administration 


PENICILLIN DOSAGE (OXFORD UNITS) 

SERUM. TITER (OXFORD UNITS PER 

c.c.) 

INDIVIDUAL 

EQUIVALENT 
DAILY DOSE 

30 

60 

90 

120 

DOSE 

(every 2 hr.) 

MINUTES 

MINUTES , 

MINUTES 

MINUTES 


It if 

0.15 


- 

- 

16,666 


0.15 


0.01 

- 



0.2 


0.035 



^^BrnSTS^^H 

0.35 


0.063 


40,000 


0.5 


0.22 . 


41,666 



0.45 

0.25 

0.15 , 

1 1 1 


1.0 

0.6 

0.3 

0.2 



1.5 

0.75 

0.4 

0.25 


1,200,000 

1.7 

0.8 

0.625 

0.3 ■' 


Res%ilts; Maximum serum levels are obtained within thirty minutes. At 
the end of one hour, levels fall sharply to approximate 50 per' cent of the thirty- 
minute figure. Thereafter the drop is less precipitate, but at the end of an hour, 
significant amounts of detectable penicillin are not present in the serum except 
with high dosage. 

Comment: When the sensitivity of an infecting organism is known, it is 
a simple matter to choose the proper dosage schedule. For example, most strains 
of beta hemolytic streptococci are highly susceptible to penicillin and are in- 
hibited in vitro in concentrations of from 0.008 to 0.015 unit per cubic centi- 
meter. Dosages of penicillin betiveen 20,000 and 25,000 units administered eveiy 
two hours should satisfactorily inhibit this type of organism. 

The relatively resistant organisms such as the alpha and gamma streptococci, 
usuallj’’ found in thrombo-ulcerative endocarditis, present a more difficult prob- 
lem. Many strains in these groups have a penicillin sensitivity of from 0.15 to 
0.6 unit per cubic centimeter or higher. With intramuscular dosage the ninetj- 
minute or two-hour serum penicillin level is almost ahvays below the in iitro 
sensitivity of the organism. Thus, in effect, therapy may be ineffectual for a 
significant portion of the time between injections. Situations of this type are 
hazardous, for there is evidence to prove that inadequate dosage may result in 
treatment failure due to acquired increased resistance’ “ of organisms to t e 

action of penicillin. ■ j •+ 

Many patients do not tolerate fractional intramuscular injections despite 
the fact that different sites are chosen for injection. Local pain maj" be 
ated by using a solution of novocain as a vehicle, but this is not suitable foi oun 
courses of therapy. Furthermore, the necessity for frequently repeated- in- 
jections interferes with the rest and morale of the patient. 

Briefly, in the treatment of disease due to bacteria which are highlj ^ sus^ 
ceptible to the action of penicillin and where the span of therapy is relative!)' 
short (for example, gonorrhea, pneumonia), the fractional intramusculai me lo 
of penicillin administration can be recommended. 
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Scrum PcnidUin Cnuccutritiinns FoUowintf Coniiuuouf: hitrmnuaculur Drip. 
— The administration of penicilJin hy contimioiis intrainii.sonlar infusion has 
been recommended by Harris^^ and by Dawson and HunteiO* The latter authors 
report tliat this method of udJuinistration appears to Ijc t!ic procedure of choice 
for patients reccivinf; jienicillin for prolon^^ed periods. They state tliat com- 
parative studies usually show tiiiit higliei' blood levels are obtained by continuous 
intramuscular drip limn l>y contiiuioiis intravenous drip. Tiiey consider intra- 
muscular drip technically simpler and belter tolerated by the patient. 

ICxpcrimcuial: Comparative levels were determined in a number of pa- 
tients, Tile daily dosafje of penicillin varied from 500,000 to 5,000,000 Oxford 
units dissolved in 750 c.c. of sterile isotonic saline solution. At the end of each 
day, blood was drawn for determination of the scrum i>cnic!llin content. 


T.\bi.k II. PExinu.iN Srr.uM Lkvei-s Fou.o\viko OcxTisrors Is'TnAMUStaa.Ar. 

APMI-VISTI.-ATIO.V 


DAILY rExrciM.ix 

IX OXFOJtD UNITS 
(X 1,000) 

AVEnAOB SERlTit LEVEL 

UMTS PER r.r. 

fjOn 


1,000 

0.15 

2,000 

1.5 

n,oon 

2.0 

5,000 

5.0 


i 

Results; The average senim penicillin levels arc given in Table II. In- 
dividual determinations varied as much as 100 per cent from tlio norm. In the 
same patient, under identical e.vi>erimcntal conditions, scrum penicillin concen- 
trations, following the continuous intramuseulav drip, tended to bo consistently 
loircr than those obtained liy the continuous intravenous drip (Fig. 1). 



I. — Comparison of serum penicillin levels following continuous intramuscular and con- 
tinuous Intravenous infusions. 

Comment: The method of continuous intramuscular infusion is technically 
Simple in so far as its administration is concerned. However, its maintenance, 
'vithout serious complaint from the patient, is another matter. In our expert 
®“ce, the thigh muscles of the average patient tolerated only 750 e.c. of solution 
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per day. More than this amount almost invariably resulted in acute muscular 
soreness, -ivith or without accompanying: fever, and necessitated discontinuance 
of the infusion despite the fact that the site of the drip was changed from one 
thigh to the other each day.' It was almost impossible to regulate the flow of 
less than 750 c.c. dailj^ in a satisfactory manner'. 

Serum Penicillin Concentrations FoUotuing Continuous Intravenous Drip.— 
Eantz and Eirby^ liave shown that rvlien penicillin is administered, at a constant 
rate, by continuous intravenous drip and in dosages up to 20,000 units per hour 
(480,000 units per day), predictable plasma levels can be obtained appimi-. 
mating 0.1 unit per cubic centimeter of plasma per 100,000 units of penicillin 
per day. We have extended these studies to include penicillin serum concentra- 
tions following continuous intravenous infusion in dosage up to 10,000,000 units 
per day. 

Results: The results of serum penicillin assays are noted in .Table III. 
In general, the values obtained are consistent with those anticipated, that is, 
0.1 unit per cubic centimeter serum for each 100,000 units per day. It should 
be noted, however, that there is considerable variation in individual levels on 
different patients and even in the same patient at different times. These varia- 
tions are due to fluctuations in the rate of flow of the intravenous solution and 
to mutations in the physiologic activity of the patients from time to time. 


Table m. Penicillin Serum Levels Following Continuous Intravenous Infuswn 


DAILY PENICILLIN 

IN OXFORD UNITS 
(X 1,000) 

AVERAGE SEBUM 
LEVEL UNITS 

PER C.C. 

EXPECTED LEVEL 
UNITS PER C.C. 

PER CENT 
DEVIATION FROM 
EXPECTED LEVEL 

200 

0.20 

0.20 

0.0 

250 

0.27 

0.25 

+ 8.0- 

300 

0.34 

0.30 

+13.3 

500 

0,57 

0.50 

+14.0 

900 

0.90 

0.90 

0.0 ' 

1,000 

0.91 

1.0 

- 9.0 

2,000 

2.0 

2.0 

0.0 

3,000 

2.6 

3.0 

-13.3 

5,000 

5.8 

5.0 

+16.0 

10,000 

9.2 

10.0 

- 8.0 


Comment; The method of continuous intravenous drip is technically more 
difficult than fractional or continuous intramuscular dosage. However, the use 
of 23-gauge needles and the utilization of veins about the ivrist, forearm, and 
lower extremities circumvent many inherent disadvantages.' The method is 
attended with minimum discomfort to the patient and is extremely well tolerated. 
The incorporation of heparin in the venoclj'sis or its subcutaneous’® deposition 
are valuable adjuncts for continuous intravenous therapy. 

With meticulous attention to detail and the conjoint use of heparin, it is 
possible to keep the drip at a single site for as long as fourteen days. It is prefer- 
able, however, to change the site every three or four days to prevent undesirable 
local irritation, endophlebitis, or an occasional pyrogenic reaction. 

The high serum levels make it possible to attack infections heretofore con- 
sidered inaccessible to penicillin therapy. The combination of massive dosage 
schedules with such potentiating substances as para-aminohippuric acid’® may 
yield even higher serum levels. Extreme resistance of an infecting agent should 
no longer be a deterrent to therapy; rather it should be a stimulus to rigorous, 

intensive attack. ’ . 

It is significant to note that massive dosage up to 10,000,000 units per day 
is not attended with any symptoms of toxicity, either immediate or delayc . 
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Patients Imvc been observed for months following massive dosage without an)^ 
evidence of tissue damage. 

CON'C’I.USIOXS 

1. Comparative studies of fractional intramuscular, continuous intra- 
muscular, and continuous intravenous administration of penicillin have been 
presented. 

2. Fractional intraimiseular therapy is recommended for tlie treatment of 
acute, short-Uved infections. Dosages .sliould bo given every two hours. 

3. The continuous intravenous drip of penieiUin yields scniin levels superior 
to those obtained following continuous mtramuseular injection. 

4. Predictable serum jionieilHn levols are obtained following continuous 
intravenous drip in daily dosage schedules up to 10,000,000 units. 

5. Daily dosages of penicillin up to 10.000,000 units are nontoxie. 

G. The relation of these observations to the treatment of infections is in- 
dicated. 
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THE ACTIVITY OF PENICILLIN AT TEMPERATURES ABOVE 37° C. 

Robert E. Hoyt, Ph.D., 0. B. Pratt, M.D., and Milton G. Levine, Ph.D. 

Los Angeles, Callf. 


I T IS well knoivn that compounds which inhibit bacterial growth exhibit an 
increase in efficiency as the temperature of incubation is raised. Eagle and 
Musselmau* have shown that the spirocheticidal effect of penicillin is enhanced 
by increasing temperatures. That this relationship holds for the action of 
penicillin upon Staphylococcus aureus is shown by the following observations. 

Varying amounts of calcium penicillin were distributed in matched color- 
imeter tubes, and sufficient broth was added to bring the volume up to 1 c.e. 
The inoculum consisted of 4 c.e. of dextrose broth seeded with an eighteen-hour 
cultui’e of Staph, aureus. The tubes were read in a Klett-Sumiherson photel- 
ometer before and after incubation, the difference between the two values 
being taken to represent the relative bacterial growths. The period of incubation 
neeessaiy to produce a suitable turbidity was related to the size of the inoculum, 
1 c.e. of culture added to 100 c.c. broth giving reliable readings in three hours. 
Use of a smaller inoculum extended the incubation period to five or six hours 
but did not influence the results of the test. The obsenmtions have been repeated 
six times. On each occasion duplicate titration curves were prepared for each 
of the temperatures tested. While the differences in activity were not always 
of the same magnitude, the order was always the same, the penicillin showing 
greater activity at the higher temperature. Typical data are recorded in Tables 
I and II. The results are shoim graphically in Pig. 1. 


T-\ble I. 100 c.c, Bp.oth Seeded With 1 c.c. Eighteen-Hodt. Culture of 
Staph, aureus; Incubation Period, Three Hours 


penicillin 



VOLUME . 

BROTH 

INOCULUM 

0. u. (c-c.) 1 

1 (C.C.) 

(ac.) 


TURBIDITY 


.37° C. 


41° C. 


0 

0 

1 

4 


So 

82 

0.02 

0.2 

0.8 

4 


So 

5S 

0.04 

0.4 

O.C 

4 


65 

24 

O.Oii 

O.G 

0.4 

4 


44 

14 

O.OS 

O.S 

0.2 

4 


28 

7 

0.10 

0.1 

0 

4 


r 

7 

Table II. 

100 c.c. Broth Seeded With 0.1 c.c. Eighteen-Hour Culture of 

Staphylococcus aureus. 

Incubation 

Period, 

Six Hours 

. 

penicillin 







VOLUME 

BROTH 

INOCULUM 


TURBIDITY 


0 . u. 

(C.C.) 

(C.C.) 

(C.C.) 

.37° c. 

39® r. 

41 ° u. 

0 

0 

1 

4 

100 

93 

44 

0.005 

0.25 

0.75 

4 

96 

86 

39 

0.01 

0.5 

0.5 

4 

9S 

79 

28 

0.02 

1.0 

0 

4 

83 

58 

1.8 
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It is evident that ineubation at 39 and 41° C. increases the activity o£ the 
penicillin as detected by turbidity measurement. In the .series which received 
the smaller inocnlnin the growth at 41° C. was less than that obtained at lower 
temperatures, hut when the relative inhibition is calculated, using the control 
tube as 100 per cent, it is seen that the order compares well with the sets show- 
ing heavier growth. 



TURBIDITY— SCALE UNITS 



TURBIDITY— SCALE UNITS 



FIs- t. 


Two significant conclusions can be drawn from these facts. The combina- 
tion of penicillin and fever therapy, suggested by Eagle and Musselman for the 
treatment of sj-philis, may be expected to apply to other infections where 
peniciUm alone is of value. A second application is in the estimation of peni- 
cillin levels using the measurement of turbidity as an index. canying out 
the incubation at 41° C., values of 0.005 Oxford unit can be detected with 
increased precision and accuracy, using Staph. oHrcin a.s the test organism. 



OEAL PENICILLIN IN THE TREATMENT OP GONORRHEA 

Alfred H. Free, Ph.D., Lyman P. Huffman, M.D., Harry R. Trattner, M.D., 

AND Helen B. Brown, Ph.D. 

Cleveland, Ohio 

I T HAS recently been demonstrated by Free, Leonards, McCulIagh, and 
Biro^ that orally ingested penicillin is absorbed from the gastrointestinal 
tract in amounts that would be therapeutically effective. This finding has 
since been confirmed by several laboratories,-"'^ and obviously indicates the 
desirability of determining the effectiveness of orally ingested penicillin in the 
treatment of infections. 

It has been shown that gonorrhea is particularly susceptible to treatment 
with penicillin,® a finding that has been confirmed by numerous clinical studies. 
Several recent reports have indicated that in uncomplicated gonorrhea better 
than 99 per cent of the cases responded fa^mrably to treatment with peni- 
cillin.®"^® 

The present report describes studies carried out in a small series of pa- 
tients with gonorrhea who were treated with orally administered penicillin. 

METHODS 

All of the patients in the series were diagnosed as having gonorrhea by 
means of positive cultures and by clinical signs, symptoms, and history. The 
penicillin used was in the form of a diy powder contained in gelatin sleeve 
capsules. Each patient ingested a total of 1.6 million units of penicillin over 
a two-day period. The dosage schedule involved taking 100,000 units every 
two hours during the waking period. In all cases the patient was given the 
requisite amount of penicillin along Avith explicit instructions regarding the 
time and number of capsules to be ingested. The first eight patients indicated 
in Table I Avere not hospitalized, Avhereas Patients 9 through 14 Avere all 
treated during hospitalization. A complete fortj'-eight-hour urine sample Avas 
collected during the period of therapy, and the total penicillin excretion Avas 
determined by assaying the urine, using the cylinder plate method of Schmidt 
and Moyer.®® Tavo urethral cultures in the male patients and tAvo urethral 
and tAVO cerAucal cultures in the female patients Avere obtained during the ten- 
day period folloAviug treatment, and in most of the patients a third culture 
Avas obtained at a someAvhat later time. 


RESULTS 


A total of fourteen patients Avith gonori’hea have been treated by the tech- 
nique described. In all instances only negatwe cultures Avere obtained folloAA'ing 
treatment and all clinical signs and sjmiptoms of gonorrhea disappeared. Table 
I shoAVs the sex distribution of the patients and also presents the data for the 
urinary excretion of penicillin. The average excretion represents approximately 
6 per cent of the ingested penicillin. 


~ flip Deoartment of Biochemistry. School of MeCicine. AVestern Reserve University. 

privSte prlcti^^i of Dr. Huffman. Cieveland. the Urologicai Service of Cieveland 
r w^^shiSl. and Ben Avenue Lahoratories, Bedford, Ohio. 

Received for puhlication. May 19, 1945. 


738 



ORAL I'KNICILMN IN TBIUTMENT OR OONOIIRIIEA 


739 


No toxic effects ivcre observed with tin's quantity of orally ingested peni- 
cillin, although one of the patients did complain of a certain amount of gastric 
distress and diarrhea. This elTcet could readily ho due to the state of purity 
of the penicillin used in these studies since it was of a somewhat lower potency 
than most of the penicillin that is used for parenteral therapy. In all of the 
patients there was rapid improvement soon after therapy rvas begun and 
cultures taken three mouths after treatment in the first eight patients were all 
negative. In none of these patients has there been any recurrence of clinical 
signs or symptoms over a six-month period. 


T.\bu: t 


TATIK.VT 

SRX 

uniN’AnY 

EXrnETION' 
or PIINICILMN* 
(TOTAL OXFORD 
t'NlTS EXCRETED) 

rLI.VICAL RESULT 

1 

M 

(tU.OUO 

Cure; ;{ ncfjativo cultures after treatment 

2 

F 

87.000 

Cure; 3 ne^j.ativc cultures after treatment 

3 

jr 

110.000 

Cure; 3 nopatiro cultures after treatment 

4 

7^1 

111.000 

Cure; 3 nepatire cultures after treatment 

5 

M 

100,000 

Cure; 3 negatiTO cultures after treatment 

0 


35,200 

Cure; 3 negative cultures after tre.atracnt 

7 

M 

03.000 

Cure; 3 negative cultures after treatment 

8 

jr 

31,500 

Cure; 3 negative cultures after treatment 

9 

F 

112,500 

Cure; 1 negative culture after treatment 

10 

F 

74,000 

Cure; 3 negative cultures after treatment 

11 

F 

08,000 

Cure; 2 negative cultures after treatment 

12 

F 

70,000 

Coro; 2 negative cultures after treatment 

13 

F 

00.000 

Cure; 2 negative cultures after treatment 

14 

F 

59,000 

Cure; 2 negative euUutcR after treatment 


DI.SCUSSIO.V 

In the present study the amount of penicillin employed was quite large but 
the results were uniformly successful. There is no reason to believe that this 
amount is nceos-sarily required for successful treatment of gonorrhea, and there 
are considerations that indicate that a considerably smaller quantity would be 
effective. For instance, it has been found that with parenteral therapy 100 
per cent successful results were obtained in 865 patients with gonococcal in- 
fection of the urethra who were treated with a total of 75,000 units given over 
a one-day period.'- In half of our patients the amount of penicillin excreted 
in the urine was in exce.ss of this amount. Certainly all of the penicillin that 
can be observed in the urine has been absorbed from the gastrointestinal tract. 
At the present time there is some indication that the amount of intestinal ab- 
sorption can be increased by various means. 

Since the completion of this u’ork, a report has appeared by Gyorgy and 
associates," which describes the successful treatment of gononliea with oral 
penicillin. The findings of the present study offer confirmation of this ob- 
servation. 

Even though the quantity of penicillin required to treat gonorrhea and 
presumably other infections may be greater if the penicillin is given orally 
than if it is given parenterally, the convenience to the patient and the physi- 
cian i.s such that with ample supplies of the drug available this appears to out- 
weigh the added cost of the drug itself. This is especially true since for most 
parenteral therapy with penicillin it has been almost essential that the patient 
be hospitalised during the course of treatment. The use of various techniques 
to decrease the absorption of penicillin from the site of intramiisenlar injection 
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or to decrease the rate of iirinary excretion of penicillin maj' obviate the need 
of hospitalization. However, the advantages of orally administered penicillin 
over these various other forms are quite apparent. The conditions of treat- 
ment employed with eight patients in the present study did not involve hos- 
pitalization and in these cases the patient took the medication merely follow- 
ing the instructions of the physician. 

SUMMARY 

Fourteen patients with gonorrhea, both men and women, have been suc- 
cessfully treated vnth penicillin administered by mouth. In no instance was the 
method of treatment unsuccessful. The advantages of orally administered peni- 
cillin in therapy are discussed. 
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POTENTIATION OF GERMICIDES WITH AEROSOL OT 

Wai.ter C. Tobie, Ph.D., and Martha L. Obr, B.S. 

Stamford, Conn. 

T he action ot surface tension depressants in increasing (potentiating or 
synergizing) the activity of gcnnicides and fungicides has received consider- 
able attention in I’eccnt years.®**®* **• Wc have previously briefly noted 

the action of Aerosol OT (di-2-othylhcxyl sodium sulfosuccinnte) in this re- 
spect.** Tlic present paper gives quantitative data and deals witli .some of the 
factors involved in this action. 

METHODS AND MATERIALS 

The method of the Food and Drug Administration known as "the F. D. A. 
method (special), Sfaphi/lococcus aureus, 37® C.,”** ® was closely followed except 
for the use of sterile 0.2 c.c. Kahn pipettes to take 0.02 c.c. of medication mixture 
for inoculations. The reason for the use of the pipettes is that surface tension 
depressants such as Aerosol OT reduce the size of tlie drop (inoculum) taken on 
the standard loop from 0.02 c.c. to a much smaller volume, giving irregular re- 
sults and making the potentiation appear to be greater than is actually the 
case. Details are given in our previous note.’* 

The culture of Staph, aureus used was No. 20 of our collection, which 
is No. 209 of the F. D. A. collection. Aerosol OT, when used, was always pres- 
ent in a concentration of 0.1 per cent in the medication tubes, a 1.0 per cent 
solution in distilled water being used in making up the dilutions. Concentra- 
tions are expressed in tcrims of grams of substance per 100 e.c. of solution. If 
allowed to stand for a day or so before use, the 1.0 per cent working solutions 
of Aerosol OT gave no bacterial growth when inoculated into tlie so-called 
“Reddish broth” used in cultivating the test organism in the F. D. A. method. 
Accordingly, no effort was made to sterilize the Aerosol OT working solution. 
This self-sterilizing action of 1 per cent Aerosol OT lias been noted previously.® 
The various dilutions of phenol were made from a solution of the pure 
compound standardized at 5.00 per cent by the method of the U. S. XI.®’ 

The cresol was Merck’s U. S. P. grade. According to Merck’s Index,* this 
IS a mixture of ortho-, meta-, and para-crcsols (in proportions not stated) and 
usually contains a few per cent of phenol. Although it is not a chemical in- 
dividual but a mixture of compounds, it is nevertheless one of the purer forms 
of cresol commonly used in medicine and pharmacy. Since its density is almost 
exactly the same as that of water, the 1.00 per cent solution used in making the 
dilutions was prepared by pipetting exactly 2.00 e.c. into a 200 c.c. volumetric 
dask and making to volume with distilled water. The brown drops of cresol 
dissolved rather slowly to a clear solution. Although cresol is said to be soluble 
ui about 50 parts of water,* attempts to prepare 2 per cent solutions were not 
successful, since a portion of the cresol persistently refused to dissolve. 

The iodine was used in the form of tincture of iodine (strong), prepared 
in our laboratorj’ according to the specifications of U. S. P. XI, containing 70 
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Gm. of iodine, 50 Gm. of KI, 50 c.c. of water, and made to 1 liter with 95 per 
cent ethyl alcohol. In making the dilutions in tlie medication tubes, a 1 per 
cent by volume aqueous solution of the tincture of iodine Avas used. In report- 
ing the final results in terms of phenol coefficient, the limiting dilutions were 
recalculated into terms of concentrations hy weight of tincture of iodine. Since 
the tincture had a specific gravity of exactly 0,900, the recomputation rras easily 
done, although it Avould have been preferable to have made up the 1 per cent 
solution hy weight rather than by A'olume. 

The phenylmercuric nitrate was from Eastman Kodak Co., No. 3240. 
Exactly 1 .000 Gm. was placed in a 2 liter volumetric flask and made nearly to 
■volume. On heating and agitation in a Avater hath, the compoujrd dissoh-ed 
sloAvly. The solution Avas cooled to room temperature, then made to volume, 
giving a ^4ooo (0.05 per cent) Avorking solution. 


RESULTS 

Each phenol coefficient Avas run at least four times, both Avith and Avithout 
Aerosol OT. It Avill be seen from Table I that 0.1 per cent Aerosol OT increases 
the germicidal action of phenol and cresol about 1.8 times (80 per cent in- 
crease). This increase Avas fairly uniform in different runs, Avhicli checked 
rather Avell mtli each other. 


Tabm: I. Jxcrea.se ix Piiexoi, Coeffjcie.vts of Gkrmicwks Agaixst Staph, atoecs at 37“ C. 
IX Pre.sence op 0.1 Per Cext iVEROsOL OT 


GERMICIDE 

[ rilEKOL COEFFICIENTS 

INCREASE IN PHENOL COEF- 
FICIENT (OR BACTERIOSTATIC 
POAVER) 

! 

1 GERMICIDE 
ALONE 

1 GERMICIDE IN 
PRESENCE OF 
0,1% AEROSOL 
j OT 


PER CENT 
INCREASE 

Phenol 

1.0 

1.8 

1.80 

80 

Cresol, U. S. P. 

2.4 

4.4 

1.83 

83 

Tincture of iodine (strong) 

3.7-4.3 

4.3-5.5 

1.0-1.5 

0-50 

Phenylmercuric nitrate 

IGG* 

1300* 

S.O 

GS5 


♦Bacteriostatic power only. True bactericidal power not determined. 


With tincture of iodine, the results of different runs Avere A'ery variable, 
Avhether Aerosol OT Avas used or not. It potentiated the gennicidal action only 
slightly and irregulailj', from no action at all to a 50 per cent increase A\dien 
the loAvest values for iodine are compared AAuth the highest results for iodine 
plus Aerosol OT. When the iodine Avas added to the medication tubes, its broivm- 
color AA'as partlj’^ discharged, undoubtedly because of cliemieal reaction Aidth 
the constituents of the broth. This is in line Aidth the Avell-lmoAvn fact' that the 
phenol coefficient method is not particularly satisfactory AA'hen applied to 
preparations containing active halogen. It is also analogous to the findings of 
Gershenfeld and co-Avorkers,® that Aerosol OT has little or no action in 
potentiating the germicidal action of hypochlorite (Zonite). 

The most striking results Avere obtained Avith phenylmercuric nitrate. A - 
though the results in different runs varied someAAdiat, it was nevertheless possible 
to determine fair aAmrage Amlues, in Avhieh it Avas found that Aerosol OT in- 
creased the bacteriostatic poAver eightfold. It Avas not determined Avliether 
this represented an increase in true killing poAver or in bacteriostatic action 
onljL It is possible that this great increase is due to the formation of a, ncAV 
pomnound in the solution, namely phenylmercuric di-2-ethylhexyl sulfosuccmate,. 
since AA'hen 1 per cent solutions of Aerosol OT are mixed Avith 0.05 per cent so u 
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lions of plicnylnicrcm'ic nitrate in equimolccular amounts, a strong liazc ap- 
pears. Attempt.s to prepare sneli a eoinpouiid in the diy state led to disappoint- 
ing results, sinee the compound (if formed) appeared to decompose on drying. 
No further work is planned, but it seems probable that eompounds of the 
phenylmereurie radical with the negative radical of appropriate surface active 
compounds might give germicidal or bacteriostatic compounds of great potency. 

DIFFICULTIES IN THE F. D. A. PHENOL COEFFICIENT DETERMINATION 

The usual difficulties connected with the current method of phenol coefficient 
determination were encountered. One of these was a reduced resistance of 
S. aureus to phenol. The limiting dilution (wliieli would kill in ten minutes 
but not in five minutes at 37° C.) was frequently not 1-80, but 1-85 or 1-90. 
IVlicn this occurred, it was assumed that the resistance to other germicides 
diminished in cssentiallj' the same ratio, and the phenol cocflicient was calculated 
under the conditions prevailing. Another difficulty was the familiar one of 
“skips,” a higher dilution of gennicide killing the test organism, while the next 
lower dilution failed to do so. This trouble was more common with iodine and 
phenylmereurie nitrate than rvith phenol and crcsol. A discussion of the causes 
of thpse difficulties and irregularities must be left for a future paper. 

CHARACTERISTICS OF .VEROSOL OT 

Reduction of Surface Tension . — To determine the reduction of surface ten- 
sion by Aerosol OT, readings were taken with the DuNouy tensiometer. The 
following data represent the average of four determinations in each case, in 
terms of dynes: distilled water, 70.7; medication tube mixture, 1-90 phenol, 
51.1; medication tube mixture, 1-100 phenol, 53.3, which diminished to 29.8 
with 0.1 per cent Aerosol OT present. The 1.0 per cent Aerosol OT working 
solution had a value of 28.9 dynes. The potentiating action of Aerosol OT is 
presumably due, at least in part, to a reduction of the interfacial tension between 
the baeterial cells and the surrounding liquid, so that the germicide reaches or 
penetrates the cells more readily. 

Acidity of Otd Aerosol OT Solutions . — Solutions of Aerosol OT gradually 
become more acid with age. When freshly prepared, such solutions hav'e a pH 
of from 6.3 to 6.9, closely approaching that of the distilled rvater used, since 
Aerosol OT has little or no buffering power. Horvever, the solutions showed 
very little decrease in pH at first. One 5 per cent solution stored in the 
refrigerator for twenty-trvo days shoAved a pH of 6.90 by the glass electrode. 
Older solutions showed lorver pH values. Of those held at room temperature, 
one at 4.47 per cent had a pH of 2.90 after sixteen months, rvhile a 0.04 per cent 
solution had a pH of 5.79 after fifteen months. The acidity of these old solutions 
is undoubtedly due to partial hydrolysis of the Aerosol OT Avith liberation of 
acid. Aerosol OT solutions are unstable in the presence of any great amount 
of electrolyte, the Aerosol OT settling out in the form of droplets. Accordingly, 
efforts to buffer solutions of Aerosol OT at pH 7 were unsuccessful. The proce- 
dure of using reasonably fresh 1.0 per cent solutions of Aerosol OT, AA'ith a pH 
of not less than 6.30, Avas adopted. Due to the poor buffering poAver of Aerosol 
OT, such solutions gave no appreciable shift in pH when added to the liquid in 
the medication tubes, so that the potentiating action Avas not due to any diminu- 
tion in pH but only to the reduction of interfacial tension betAA’een the liquid and 
the cells or to other factors. 

Increased Potentiation by Old (Addio) Aerosol OT Solutions . — ^In our 
earlier Avork, before the pH of the Aerosol OT solutions was properly controlled. 



744 


TOBIE AND ORR 


a somewhat greater potentiating action was obtained than with the nearly 
neutral solutions used later. A 1.0 per cent solution (prepared from the sixteen- 
month-old 4.47 per cent solution at pH 2.90) had a pH of 2.88, depressing the 
pH of medication tube mixtures containing phenol from 6.8 to about 5.2 to 5.4, 
while increasing the apparent phenol coefficient of the phenol by 100 per cent 
instead of 80 per cent. This increase in the activity of germicides with dimin- 
ished pH is well kno^vn®’ ”■ and must always be taken into account in potentia- 
tion experiments. In cei'tain applications it would be preferable to use 
potentiated germicide solutions at the lowest possible pH. 


, SUMMARY 

Under conditions of nearly constant pH, 0.1 per cent Aerosol OT increases 
the phenol coefficient of germicides in the F. D. A. method (special), Staph, 
am-eus, 37° C., as follows: phenol, from 1.0 to 1.8; U. S. P. cresol, from 2.4 to 
4.4; U. S. P. tincture of iodine' (strong), doubtfully and irregularly from 3.7-4.3 
to 4.3-5. 5. The apparent phenol coefficient of phenylmercuric nitrate (not cor- 
rected for bacteriosta.sis) is increased from 166 to 1,300. The characteristics 
of Aerosol OT as a potentiating agent for germicides are described. 
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MENINGOCOCCUS GROUPING 
Note on Experience with the Cai^ular Swelmng Test 

Edith A. Beckler, B.S.* 

Boston, Mass. 

F or approximately forty years attempts liavc been made to differentiate 
strains of mcninpococci by means of serologic reactions. The early work of 
Kntscher (1906),^ Dopter (1909),^ Elscr and Huntoon (1909),* and Arlavright 
(1909),^ made nse of agglutination and alisorption tests. Similar methods used 
by later workers, Gordon and I»lurray (1915)* and Nicollc, Debains, and Jouan 
(1918)® enabled the investigators to divide the meningococci from epidemic and 
sporadic ease.s into four groups. Griffith (1917)’ and Scott (1918)® divided 
them by agglutination into two main groups. Branham, Taft, and Carlin 
(1931)® made detailed studies of meningococci isolated in the United States 
and indicated the difficulties in attempting a serologic classification when separa- 
tion into four typos by agglutinin absorption was done. 

A method of differentiation described by Clapp, Phillips, and Stahl 
(1935),’® ba.sed on the capsular swelling cxliibited by certain strains of men- 
ingococci with liomologous serum (rabbit), has been strangely disregarded by 
laboratory workers, altbough Cooper and 'Walter (1939),” of the New York 
City Health Department, apparently had some success with it. Ehihoni 
(1937)” described the application of the Ncufeld reaction to the identification 
of types of meningococci. Branliam called attention to it in Diagnostic Pro- 
cedurcs and Peagents (1941) and more recently (1945)” advised its use. 

Because of the increase in the number of cases of meningococcus meningitis 
in ^lassachusetts during the past two years, it was iiossiblo for the Bacterio- 
logical Lahoratorj’ of the Ma.ssachusetts Department of Public Health to evaluate 
this method. From Jan. 1, 1943, to April 30, 1945, a total of 195 specimens 
of spinal fluid was examined for meningococci. They were found in seventy- 
three specimens, of which sixty-four were spinal fluid and nine were cultures on 
blood agar plates or some medium on which the sender had made cultures of the 
spinal fluid. The majority of these specimens were received by mail and were 
several hours old when delivered at the labo^ato^5^ Autolysis of the meningo- 
cocci did not appear so extensive as to prevent the cultivation of the organism 
in most instances where it was believed to have been present. 

The laboratory procedure was as follows: Upon the receipt of the specimen, 
^ Gram stain was made of the fluid, for orientation. If any gram-negative 
diplococci were seen on examination with the oil immersion objective at a mag- 
iiffieation of 900 to 1000, a capsular swelling test was set up at once with the 
spinal fluid. If no organisms resembling meningococci were found, the spinal 
flnid was centrifuged for an hour and then the sediment examined by Gram 
stain. Quite often other bacteria such as Hemophilus influenzae, pneumococci, 
or streptococci were found and appropriate tests were made for their identifica- 
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tion. Even if no bacteria were seen in the sediment, a eapsvrlar swelling test 
for meningoeoeei was set np, as a diplocoecns oveiioohed in the stained prepara- 
tion inigiit tiierehy become apparent. 

The capsular swelling- test was made in a manner similar to that used 
for the Neufeld reaction in pneumoeoecus typing. A loopful of spinal fluid 
or sediment wms placed on a plane slide and to it were added one loopful of 
the meningococcus Group 1 monovalent rabbit serum and a loopful of Loefller’s 
metliylene blue. TJie mixture -svas stirred and a cover glass (% inch square, 
No. 1) was placed over tJje wet prepai-ation. Another mixture was made 
using Group 2 A serum. TJic meningococcus sera used were obtained from 
tlie Lederie Laboratories. Cultures received on solid media were rubbed up in 
a drop of nomal saline solution, when the test was made. These preparations 
ivere examined -witli the oil immersion ohjeetive and. the light partially dinuned. 
TJrny were thoronghlj* examined when first made and if no capsular swelling 
was observed, they were re-e.xamined after an hour. In a positive reaction the 
capsule ai'ound the blue-stained diplocoecns was enlarged, -was of a greenish- 
gray color or ground-glass appearance, with a thin dark line at the periphery. 
This reaction was seen with meningococci of Group I (types 1 and 3) and of 
Group 2A; up to the present time, no reaction has been observed with the 
Group 2 or Group 4 strains. If a reaction was seen with the direct preparations 
of the fluid or sediment, a report of Group 1 or Group 2A meningococcus was 
telephoned at once to the sender. The capsular swelling with the homologous 
antiserum (rabbit) seemed to he a specific reaction, for in everj* instance the 
cultural, agglutination, and repeated qxiellung tests confimed the original diag- 
nosis. If no reaction was seen in the direct preparations of the fluid or sedi- 
ment, cultures were made from the sediment on chocolate agar, starch agar, 
L’oefSer's blood serum, Averj^ broth; etc. in duplicate and incubated at 34° C. 
One set was incubated in the air and the other in an atmosphere containing 
about 10 per cent carbon dioxide, satisfactorily obtained in a “candle jar. ’ 

Occasionally mouse inoculation was used, especially when no organisms 
were found on microscopic examination. The technique employed was Miller s 
mucin-mouse method as described by Sulkin (1939). This method may enable 
one to demonstrate capsular swelling within a few hours after the intrapen- 
toneal inoculation of the mouse. 

The cultures were examiued for bacteria after from eighteen to twenty-four 
hours' incubation and thereafter every day for several daj's. Whenever anj 
gram-negative diplococei resembling the meningococcus were seen in any cul- 
ture or mouse peritoneal exudate, capsular swelling tests were made. 

In this study, of the seventy-three specimens in which meningococci were 
found, fifty-four (74 per cent) were grouped directly without waiting for 
cultural growth; the remainder (26 per cent) grouped after incubation of the 
cultures, usually on the following day. There were sixty--flve strains of meningm 
cocci belonging to Group 1 and five to Group 2A. Three specimens contained 
Group 2 meningococci which could be grouped only by agglutination tests. 

Results which wmre doubtful were obtained (1) in the examination of 
specimens which were obviously contaminated when received, usually m non- 
sterile containers (because of overgrowth of spore-bearing bacilli or staphj o- 
cocci, a few meningococci might have been obscured) ; (2) in the examma ion 
of specimens in which an occasional gram-negative diplocoecns was seen m 



MENINGOCOCCUS GROUriNO 


747 


spinal fluid wliich could not be cultivated and showed no capsular swelling. 
However, if an occasional meningococcus is seen with a swollen capsule, that 
would appear to establish the identification without subsequent cultivation. 

The simplicity of the capsular swelling test should make the grouping of 
meningococci, to which it is adaptable, a common practice in laboratories, so 
that the occasional need of the auxiliaiy use of homologous monovalent anti- 
meningococcic scrum can be met with as little delay as possible. 

These cxuniinatioiis were made by the bacteriologists of the Bacteriological Laboratory 
of the Massachusetts Department of Public llcntth, to whom the writer is greatly indebted. 
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THE DIAGNOSTIC SIGNIFICANCE OP INCLUSION BODIES IN 
RABIES AND CANINE DISTEMPER 

:\rA.ioR Harold Rikkix, MEDia\L Corps, Lfeutenant Colonel Ejiil B. Cekada, 
^Medical Corps, Lieutenant Meyer Zarrow, Sanitary Corps, Army op 
THE United States, Lieutenant Cojimander Donald G. Hender- 
son, United States Naval Reserve, and Major Jack 0. 
"Whitehead, ■\^eterinary Corps, Army op the 
United States 

I N A LARGE island base in the South Pacific Area, rabies has never been 
knoAvn to occur. An analysis of eoinmunicable disease.? existing on this island 
by the local health authorities reveals a complete absence of rabies. Due to the 
increased ivar sliipping and tlic opening of tliis area as an important harbor, 
together villi the introduction of dogs from the continental United States, the 
problem of rabies loomed on the epidemiologic horizon. 

The incidence of canine distemper in this island base is extremely high. 
Native laboratory ivorkers have infonned us that the incidence is as high as 60 
per cent among the native dogs. These dogs present the respiratory, gastro- 
intestinal, and urinary findings so characteristic of the disease, have, 
during the course of an inve.stigation for the presence of rabies, found an 
encephalitis complicating canine distemper. This has produced nervous symp- 
toms and signs almost identical with the clinical picture seen in rabies. In- 
clusion bodies, similar but not characteristic of the Negri bodies found in 
rabies, have been found in various portions of the brain. We present this 
paper to indicate the simulation of canine distemper to rabies and its im- 
portance in differential diagnosis. 

Tavo dogs, who had been pets of a marine group situated on this island 
base, .suddenly became restless, excitable, and vicious. They presented focal 
epileptic convulsions and had bitten six marine soldiers. No histoi’y could be 
elicited regarding respiratory and gastrointestinal findings. The marines 
bitten Avere givmn the Pasteur treatment. One dog Avas immediately shot by 
the Marine personnel and sent to a neighboring Naval hospital for autopsy 
examination. They amputated and buried the head of the second dog. 

Protocol FII-Al. — At autopsy, the body externally revealed no diagnostic 
findings. The heart revealed slight congestion. No A’aNular lesions Avere A'isible. 
The lungs reA’’ealed a hemorrhagic consolidation, focal in distribution, through- 
out the left lOAver lobe. Raised, thickened gray-AA-hite nodules Avhich, on close 
examination, consisted of thickened bronchiolar Avails Avere present. A thick 
mucoid exudate could be expressed from the cut surfaces. The surrounding 
lung tissue Avas edematous, boggy, and congested. The remaining viscera Avere 
intact. The brain Avas not Aveighed. The meninges and the brain substance 
revealed congestion and moderate edema. Coronal sections throughout the 
brain revealed congestion of the small vessels, Avith petechial hemorrhages 
throughout. Tiny petechial hemorrhages, measuring 2 to 3 mm. in diameter, 
Avere distributed through the motor cortex, the raid-brain, pons, medulla, hip- 
pocampus, and cerebellum. Touch preparations from these areas Avere made. 
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They were stained by Mann’s and Seller’s methods. Smears from the motor 
cortex, medulla, and cornu ammonis revealed oval bodies, measuring 2 to 10 
in diameter, occurring singly or multiple (three to five) in the cytoplasm of 
the ganglion cells. The cytoplasm stained a pink-red with Claim’s .stain and 
revealed small clear vaeuolated-like bodies in its interior. No characteristic 
centr.nl basophilic chromatin granulations were visible however. At this time, 
these were interpreted as Negri bodies, and a diagnosis of rabies was made. 
Hematoxylin-eosin stained sections from various portions of the brain revealed 
a moderate edema, with moderate eoiigestion and hemorrhage. Slight peri- 
vascular mantling with small lymphocytes and polymorphonuclear leucocytes 
was found most prominent in the mid-brain. Tiny focal areas of nerve cell 
degeneration, characterized by swelling of cytoplasm and nucleus, in turn, 
surrounded by an early glial proliferation were present. Sections stained by 
Mann’s stain revealed identical inclusion bodies. The picture did not fit the 
morphologic interpretation of rabies, but the inclusion bodies appeared 
strongly indicative of such a diagnosis. Animal inoculation was not per- 
formed at tliis time. 

As a result of this preliminary investigation, the head of the second dog 
was disinterred and turned over to an Army general hospital laboratory for 
verification of diagnosis. 

Protocol GU’Al . — Examination of the brain revealed moderate congestion 
and edema of the brain substance and overlying meninges. There was moderate 
autolysi.s tlirougliout. Coronal sections throughout the brain revealed vascular 
congestion with petechial hemorrhages. Touch preparations, utilizing the 
metliod deserilied, revealed similar inelusiou bodies in the ganglion cells of the 
motor cortex, tlic temporal lolic, the hippocampus, pons, and mid-brain. They 
were also found in the Purkinje cells of the cerebellum. Uistologic examination 
revealed an intense congestion with perivascular hemorrhages, in turn sur- 
rounded by focal areas of degeneration, characterized by nuclear pyknosis and 
swelling of the cell cytoplasm. In some areas, there were perivascular collars of 
lymphocytes and neutrophilic leucocytes. These were most prominent in the 
region of the mid-brain and medulla. Intracerebral inoculations of a saline 
suspension of brain tissue, including motor cortex, cornu ammonis, and cere- 
bellum, were performed, utilizing a guinea pig, mouse, and rabbit, respectively. 
Leach’s methods with slight modifications were employed. The animals were 
watched for a period of sixty days. They at no time presented clinical findings 
suggestive of r.Thies, and at the end of this period were alive and healthy. 

The possibility that we were not dealing with true rabies but with an ‘ 
encephalitis, probably viral in origin and associated as part of the clinical 
syndrome of canine distemper, was now entertained. Fortunately, a member 
of the Veterinary Corps had brought to the laboratory four dogs Avhich were 
clinically diagnosed as having distemper but which presented, in addition to 
the respiratory and gastrointestinal findings, symptoms suggestive of brain 
involvement. These dogs were watched. They died within a period of 
seventy-two hours. The autopsy findings in each of the cases were almost 
identical. "We present one such representative case. 

Protocol GII-AS . — The dog presented a mucopurulent discharge in both 
nostrils. The right and left pupil each measured 4 ram, in diameter. No other 
noteworthy findings were noted on external examination. The heart presented 
no remarkable features. The lungs were congested and edematous. There were 
irregular focal areas of deep blue-red consolidation measuring 3 to 4 cm. in 
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diameter and raised above the general surface for a varying distance. These 
were surrounded by blue-gray depressed areas of atelectasis. These were most 
prominent in the right and left lower lobes. The bronchiolar walls were thick- 
ened, and a thin mucopurulent exudate exuded from the cut surfaces. The 
larynx and trachea revealed an edematous mucous memlirane. Scattered 
throughout Avere numerous irregularly distributed petechial hemorrhages. 
There was a thin mucopurnlent exudate in the lumen. The bronchi and 
bronchioles were congested and edematous. The walls were thickened and 
indurated and contained a somiviseid gi-ay-white exudate. The bladder pre- 
sented numerous petechial hemorrhages throughout the mucosa. A number 
of these measured up to 1 cm. in diameter. There was no evidence of trabeeu- 
lation or diverticula formation. The remaining viscera presented no promi- 
nent findings. There was congestion of the cerebral meninges. The brain 
substance itself was edematous and congested. Coronal sections throughout 
revealed a petechial hemorrhage, most prominent in the mid-brain and medulla, 
associated ^vith focal areas of gray-jmllow degeneration. Touch smears from 
various sections of the brain revealed identical inclusion bodies to those found 
in the previous eases. Touch smears from the trachea, bronchi, and mucosal 
wall of the bladder revealed similar inelusion bodies. Microscopic examina- 
tion revealed findings in the brain similar to those described in the previous 
two protocols : namely, a moderate congestion, with perivascular collaring of 
lymphocytes and neutrophilic leucocytes, foeally distributed petechial hemor- 
rhages, and ai'eas of nuclear pyknosis and cytoplasmic swelling surrounded by 
a zone of neuronophagia. Bacterial stains with the Brown-Brenn' method re- 
vealed no organisms. Microscopic examination of sections from the right and 
left lower lobes revealed extensive bronchiolar dilatation with desquamation 
and ulceration of the mucous membrane. The lumen was filled with a com- 
bined mononuclear and polynuclear cellular exudate. The bronchiolar and 
alveolar walls revealed a round cell infiltration. Small numbers of alveoli 
contained scaitered monocytes and lymphocytes. Alveolar hyaline membranes 
were not visible. The alveolar septa were thickened and infiltrated with round 
cells. There was congestion of all the blood vessels,’ including the alveolar 
capillary bed. An occasional inclusion body was seen in the remnant epithelial 
lining of the small bronchioles. 

Intracerebral inoculation of a guinea pig, rabbit, and white mouse, re- 
spectively, Avith sterile saline emulsions of involved brain tissue, produced no 
effect after si.xty days. 

The remaining three cases gave identical findings on macroscopic and 
microscopic examination and with animal inoculation. 

COMMENT 

The cases presented are of diagnostic and epidemiologic importance. It 
is apparent that we Avere not dealing with rabies but Avith canine distemper 
or a Amriant of this disease complicated by an encephalitis. Nervous symp- 
toms due to encephalitis are apparently not neAv findings in canine distemper. 
Zinsser and Bayne-Jones^ record this in their discussion of distemper of dogs. 
The finding of inclusion bodies in the ganglion cells of the brain in meningo- 
encephalitis, secondary to canine distemper, has been recorded by Kelser.^ 

It appears therefore that any inclusion bodies found in the brain are not 
directly diagnostic of rabies. Negri bodies have a distinct specific structure 
Avith the central basophilic staining chromatin granulation, a prominent find- 
ing. It is not meant to infer that prophylactic and therapeutic measures 
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should not be undertaken but rather that careful %vatching of the dog be per- 
formed; that search for the specificity of the inclusion bodies be made; that 
animal inoculation be performed in all instances for confirmation; and should 
the animals be brought to autopsy, scrapings of the trachea, bronchi, and 
urinary bladder be made in order to rule out canine distemper -with sec- 
ondary encephalitis. 

SUMIIAUY AND CONCLUSIONS 

1. Six dogs are described udth nervous symptoms suggestive of rabies 
but ■with morphologic evidence of an encephalitis. 

2. In all eases, inclusion bodies, similar but not characteristic of Negri 
bodies, were found in the ganglion cells of the cerebrum, mid-brain, pons, 
medulla, and in the Purkinje cells of the cerebellum. 

3. In five dogs, there was evidence of a ‘‘virus’* pneumonia. Similar in- 
clusion bodies were found in tracheal, bronchial, and vesical smears in four 
of these eases. 

4. Intracerebral inoculation of guinea pigs, mice, and rabbits, utilizing a 
sterile suspension of involved brain tissue from five of these cases, did not con- 
firm a diagnosis of rabies. 

5. Canine distemper with complicating encephalitis may simulate rabies 
clinically and morphologically. 
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OCULAR DISTURBANCES IN RIBOFLAVIN DEFICIENCY 


Tom D. Spies, JI.D., Daniel J. Perry, M.D., Rodert C. Cogswell, M.D., 
AND Walter B. Frommeyer, M.D. 

Birmingham, Ala. 


P ARLY Italian writere on pellagra, notably Solcr' in 1791, included, among 
other symptoms of the disease, inflammation of the cornea and corneal 
opacities. In the light of present knowledge, these lesions might be interpreted 
os manifestations of riboflavin deficiency. 

‘ That certain ocular conditions might be due to a deficiency of one of the 
P complex vitamins (Bg or G) was suggested by observations on rats maintained 
ou a diet low in this vitamin. Between 1928 and 1931 numerous investigators^'* 


of Cincinnati Studies In Nutrition at the Hillman Hospital, Birmlnsham. Ala- 
ama. Prom the Department of Internal ]U(edfcIne. University of Cincinnati. 

tremendously heavy expenses of the general nutrition study have been borne by 
out 'i?'” a number of philanthropic persons, foundations, and commercial concerns, with- 
tioBB study could not have been made. The necessary expense of frequent observa- 

F® patients in their homes and In the clinic over a long period of time has been 
Club ® *''6 Nutrition Foundation, by Merck and co.. Inc., and by the Lions 

" or Alabama through the cooperation of the Alabama Sight Conserv'atlon Association. 

. hrtma Indebted to Miss Martha Malone and Mrs. L. J. Grant for their help with the 

th^t..® , to Miss Helen Grant for the dietary assessments. Dr. L. J. Berrj* aided In 

no special studies on a number of the patient‘s 
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referred to oplitlialmia and conjunctivitis observed in rats deficient in vitamin 
or G. In 1931 Day,. Langston, and O'Brien® reported alopecia of the eyelids, 
laeriination, conjunctivitis, thick, swollen, inflained lids, cataract, and anterior 
interstitial .keratitis in rats on a vitamin 6-deficient diet. These findings were 
eonfiimed by a numbei* of investigators. In 1937 Day, Darby, and Langston® 
reported that pure riboflavin, natural or synthetic, would prevent the keratitis, 
cataract, and other ocular manifestations of vitamin G deficiency. The following 
year the same laboratory reported that the parenteral administration of pure 
riboflavin to vats with ocular manifestations of riboflarin deficiency resulted 
in the rapid disappearance of the keratitis and in many instances the arrest 
of the cataractous changes. Day and Darby" in 1938 reported that severe 
keratitis was seen in all animals receiving a limited amount (30 gamma) of pure 
riboflavin weekly but that cataract lyas less common than in animals receiving 
a diet from which riboflavin was rigidly excluded. Early in 1939 Bessey and 
Wolbach® described their important observations on the cornea of rats whose 
diets wore deficient in riboflavin. In their summary of a very careful histologie 
stud}' of the vascularization of the cornea of the rat with riboflavin deficiency, 
Bessey and Wolbach stated; “Vascularization of the cornea of the rat in the 
absence of antecedent patholog}' is probably a specific and the most reliable 
ci’iterion of riboflavin deficiency.’’ A little later Eckhardt and Johnson' re- 
ported ocular changes in rats on a liboflavin-deficient diet. They stated, 
“Keratitis and vascularization of the cornea were more consistent ocular changes 
than cataract and were improved by the addition of riboflavin to the diet.” 

The fii'St definite statement in regard to certain eye symptqms in persons 
with riboflavin deficiency seems to be that of Spies, Bean, and Ashe in May, 
1939.^' The}' .stated that patients with riboflavin deficiency complained of 
visual disturbances which disappeared within forty-eight hours folloiving the 
administration of riboflavin and that these symptoms returned within from ten 
to twenty da}'s after riboflavin was discontinued. This statement was amplified 
in a paper publislied b}' Spies, Vilter, and Ashe in September, 1939,” in which 
attention was called to heretofore undescribed ocular manifestations of ribo- 


flavin deficiency in human beings. These manifestations included bulbar con- - 
junctivitis, dilatation of the conjunctival vessels, burning of the eyes, lacrima- 
tion, failing vision, and extreme photophobia. These symptoms, in many per- 
sons, disappeared following riboflavin therapy. Soon many articles appeared 
describing various ocular manifestations associated with riboflavin deficiency. 
In November, 1939, Sydenstriker, Geeslin, Templeton, and Weaver” reported 
that conjunctivitis and photophobia in a patient with riboflavin deficiency im- 
proved following liboflavin therapy. In January, 1940, Kruse, Sydenstriker, 
Sebrell, and Cleckley” reported ocular lesions in nine patients with other symp- 
toms of riboflavin deficiency and stated that the principal manifestation was 
keratitis. Following the administration of riboflavin, the corneal lesions im- 
proved or disappeared and reappeared on cessation of riboflavin therapy. In 
May, 1940, Johnson and Eckliardt” reported that in a series of thixty-six 
patients with rosacea keratitis, only four failed to respond satisfactorily to oral 
riboflavin therapy. In June, 1940, Sydenstriker and his associates” again 
reported on the visual changes associated with riboflavin deficiency. They statea 
that photophobia, dimness of vision, and impainnent of visual acuity were 
relieved promptly by riboflavin therapy, in some instances before visible cnang^ 
occurred in the cornea. Using the slit lamp in examination of the “rnea, tft y 
observed that proliferation and engorgement of the limbic plexus was the e , 
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lesion. This progressed to superficial vascularization of the cornea and the 
production of interstitial keratitis. They found that congestion of the sclera, 
vascularization, opacities of the cornea, and abnormal pigmentation of the iris 
responded rapidly to the administration of riboflavin. 

Numerous reports have continued to appear in the medical literature, 
some describing various ocular manifestations associated with riboflavin de- 
ficiency and others denying their existence. Today there is considerable con- 
troversj’ on the subject, and a tvido divergence of opinion exists among investi- 
gators in the field. Some physicians doubt that riboflavin deficiency affects the 
eyes, whereas we, as well as many other invc.stigators, believe that it gives rise 
to ocular lesions and that a great many persons are affected. It is easy to see the 
differences in the point of view between the two groups. It is most difficult to 
overcome them, but succe.ss in doing so is vital to proper medical care. 

It is hoped that this paper will aid the physician in the recognition and 
treatment of the ophthalmic lesions of riboflavin deficiency. It is concerned 
only with the study of ocular lesions in patients whom we believe to have ribo- 
flavin deficiency. This study, which was begun in 1938 and extended through 
1944, is based entirely on naturally occuiTing lesions which responded to ribo- 
flavin therapy. 

In 1938 and 1939 we had conferences with Dr. II. A. Blankcnhorn, Professor 
of Medicine, and Dr. Derrick Vail, Professor of Ophthalmology, University of 
Cincinnati, in regard to using the slit lamp in examining patients in the 
Nutrition Clinic of the Hillman Hospital in Bii-mingham, Ala. As a result of 
these conferences, Dr. William Ashe and Dr. Barnet Sakler came to Birming- 
ham for a short period of study. Dr. Ashe to aid in general medical aspects of 
the problem and Dr. Sakler to c.xamine the cornea. Dr. Sakler noted the same 
symptoms we had observed and thought that the cornea should be studied in a 
considerable number of subjects to determine the relationship of riboflavin to 
vascularization of the cornea. He believed the problem required extensive and 
intensive collaboration of both ophthalmologi.sts and physicians interested in 
nutrition; accordingly. Dr. Vail sent Dr. K. W. Ascher, of the Department of 
Ophthalmology of the University of Cincinnati, to our Nutrition Clinic at the 
Hillman Hospital in Birmingham in 1940 and 1941. A report by Dr. Vail and 
Dr. Ascher was pnblished in the Transactions of the American Ophthalmological 
Society, Seventy-Eighth Annual Meeting, 1942. 

The collaboration with the Department of Ophthalmology can be summarized 
by stating that the ophthalmologists were, by training, skillful in the use of the 
slit lamp and in the interpretation of the ocular findings, whereas our general 
knowledge of experimental medicine and nutritional deficiency diseases enabled 
Us to point out general features which otherwise might have been disregarded. 
Out of this collaboration has come a much more logical development of the 
study than could have been achieved without it. 

METHOD OF STUDY 

In the Nutrition Clinic we examine several thousand persons each year. 
Many of these persons have no clinical evidence of dietary deficiency disease. 
H, from their dietary and medical history, we can discover no reason for their 
having a nutritional deficiency and if the physical examination reveals no evi- 
dence of defleiency, they are not registered as patients in the Nutrition Clinic 
but are referred elsewhere for diagnosis and treatment. In some instances 
Ihey return to their own physicians and in other instances to other departments 
of the Hillman Hospital. Those who have no diagnostic evidence of dietary' 
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deficiency at the time but -whose histories and symptoms suggest that they might 
be developing dietary deficieney disease are observed frequently. These persons 
and those -ndth clinical dietary deficiency diseases are carefully studied to obtain 
all possible information on their past and present nutritional status and health 
by means of thorougli medical and dietary histories, repeated physical examina- 
tions, and indicated laboratoiy determinations. A detailed description of the 
methods -we have found useful in obtaining such information was published 
recently.’® The dietary histoi’ies revealed tliat 90 per cent of the patients -who 
came to the Nutrition Clinic had eaten diets of varying degrees of inadequacy. 
In analyzing the data obtained from the medical histories and phj-sical examina- 
tions, -we found that 70 per cent of the patients having clinical deficiency disease 
complained of visual disturbances.” From this group in 1938 -we began select- 
ing patients for study of their ocular symptoms. 

We felt that more comparable cases could be selected if the group of 
physicians selecting tliom was not too large and if there were frequent con- 
sultations among the physicians concerned. Accordingly, all the cases were 
selected by Dr. Richard W. Vilter, by Dr. William B. Bean, and bj' us. , The . 
criteria for the initial selection of patients were : 


1. Ingestion of a diet inadequate in riboflavin 

2. No apparent means of changing the diet significantly for a number of 

years 

3. History of one or more of the following symptoms: burning and itching 
of the eyes, failure of visual acuity, photophobia, lacrimation, conjunctivitis, night 
blindness 

4. Ocular le.sions charaetbrized by abnormal dilatation of conjunctival and 
comeal blood vessels and, in many instances, by oomcal ulceration 


Since our interest was concerned primarily with endemic riboflavin de- 
ficieney, we excluded most of the patients with known organic disease. We 
did include ten persons with hypertensive heart disease and twelve who had 
trauma to some part of the body other than the eyes. All persons with 
traumatic disease of the eyes were excluded, as were all persons who had 
syphilis, tuberculosis, chronic alcoholic addiction, diabetes mellitus, and any 
kno-nm disease of the alimentary tract. Many persons with ocular lesions also 
Jiad clinical evidence of advanced beriberi, pellagra, or scuiwy which required 
immediate and intensive treatment. These persons w'ere likewise excluded from 
this special study as w'e wished to eliminate the possibility that the treatment 
given for one of these coexisting deficiency diseases might affect the natural 
course of the ocular lesions and their response to riboflavin therapy. We have 


observed that this can occur. 

We freely admit that we do not Imow what specific ocular symptoms and 
lesions are caused by riboflavin deficiency. Nevertheless, that many such mani- 
festations do respond to riboflavin therapy must he granted. It is only by 
determining the effect of i-iboflavin therapy on these ocular manifestations 
that a diagnosis of riboflavin deficiency can be made. As can be seen from 
the criteria used for selecting the patients for this particular study, we made 
every attempt to exclude .persons whose eye involvement might he due to otner 
causes That this method of diagnosis and treatment is unsatisfactory we 
Imow but until more reliable methods are available, ive can recommend no 
better way of relieving and often rehabilitating persons in whom ocular 
turbanees of this special type have developed. ^ wp 

After excluding the above groups, we arbitrarily selected : 

had. 500. Two hundred with moderate eye involvement were given ribofla 
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by mouth only. Three hundred with more severe eye involvement, were given 
riboflavin at least once intravenously. It is with this group of 300 patients that 
this report is concerned. 

Some of these patients were admitted to the hospital, but the majority re- 
mained at home and came to the clinic for observation and treatment. They 
were observed before, during, and after therapy. In many cases, slit-lamp 
examinations were made. Bactcriologic studies were made in fifty patients. 
These included smears and cultures taken from the lesions and from the exudate 
from the eyes. The blood level of riboflavin was determined in fifty patients. 
Urine examinations were done on the first 150; then it was found that the 
urinarj’ excretion of riboflavin was so low that it could not be detected, and it 
did not seem worth while to study it in additional patients. A few of the carl.v 
determinations of riboflavin in the urine were made by Dr. William Ashe, using 
the Emmeric method.*’ Most of the urine examinations were made by Dr. S. S. 
Sanders, who also made all the blood determinations, using the microbiologic 
technique of Snell, Strong, and Potenson.** 

The patients in this study included males and females, both white and 
Negro, ranging in age from S to 92 ycais. Throughout the course of the study, 
we obtained a dictarj- history at frequent intervals and made repeated physical 
and eye examinations. 

OBSERVATIONS 

The dietary histories obtained at freouent intervals revealed that, while a 
few patients had eaten good diets until only a year prior to the onset of illness, 
most of them had subsisted on inadequate diets for many years. In most in- 
stances the income was low, and in order to have enough food to satisfy hunger, 
they had purchased low cost foods, such as cornmeal, flour, dried beans, sugar, 
and fat pork, foods that are relatively inexpensive. Higher cost foods, such as 
milk, meat, eggs, green vegetables, and fruit, either were never included or were 
included at infrequent intciwals. In a comparatively small number of cases, 
loss of appetite or food idiosyncrasies were responsible for the patients’ having 
had inadequate diets. Routine nutrition histories, valuable as they are in 
suggesting whether or not the diet has been adequate, do not indicate the degree 
of the deficiency. Accordingly, in 100 of the 300 patients, wo made repeated 
detailed studies of the diet. Observation of these patients over a long period of 
time convinced us that we could roly on the information obtained concerning 
their diets. Patients were instructed to keep a daily record of their food intake 
for a week at different seasons of the year. During these times, frequent visits 
were made to their homes to check their food supply and to determine how their 
food was prepared and served. From these data, the average daily intake of 
nutrients was calculated. The results of this study ore shown in Fig. 1. Note 
that the diets of these patients were generally deficient and that they supplied 
only 36 per cent of the recommended allowance of riboflavin. 

The most conspicuous and consistent early complaint elicited from analysis 
of the medical histories was that of wealoiess and fatigability. Frequently 
these patients were unable to participate in any activity and most of them had 
been unable to work regularly for years. A few of them had been able to work 
for a few hours and then were e.xhausted for a number of days. Very common 
complaints were nervousness, insomnia, headache, burning and aching of the 
fogs and feet, burning and cramping of the stomach, constipation, burning of the 
skin over various parts of the body, itching and burning of the eyes, and failing 
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Eecently she has had more bleeding from the hemorrhoids and she lias been referred 
to the surgical clinic. Blood studies made by Mrs. Calvin Koch and Mrs. Hayes Caldwell 
show that within the last five months the patient’s red blood cell count has changed from 
4.1 to 3.6 million per cubic millimeter and the hemoglobin from 8.8 to 8.2 Gm. per 100 c.c. 


This case has been included for several reasons. In the first place, it is Ihe 
only one in which it was necessarj’' to do a local operative procedure on the eye. 
In the second place, this woman is one of four patients who, as far as ..we know, 
had no organic disease at the time she was selected for study but who later 
developed one. In the third place, she has an anemia which must be treated 
with iron, and we must determine ivhether or not she has liver disease or ju.st 
what condition is causing the bleeding hemorrhoids. This case is so much 
like some ive have seen in the General Hospital in Cincinnati where organic 
disease plays a more prominent role than it doe's among patients in the Nutrition 
Clinic in Birmingham that it seemed wise to include it. ' , 

We regard the data presented merely as a progress report. Despite the 
fact that by gi-ving riboflavin we have been able to stop the severe ulcerative 
process in the cornea and have been able to rehabilitate the patient to the, place 
where she can work I’cgularly as a cook in a restaurant, we will not consider her 
completely rehabilitated until the hemon’hoids and anemia are successfully 
treated and until she improves her diet so that it is no longer necessary to give 
her riboflavin to prevent frequent recurrences of her ocular disturbances. - 

Case 3. — L. if., a CS-ycar-old Negro woman, was brought to the Nutrition Clinic in 
February, 1941, complaining of excruciating pain in her eyes. Slie was unable to see well 
enough to walk unaided. Sho was admitted to the Hillman Hospital for diagnosis and treat- 
ment. 


Family history and past history were irrelevant. 


Present illness: Sho was in good health until six years prior to coming to the dime. 
At tliis timo sho began liaving dizziness and shortness of breath. She consulted a physician 
who advised her to stop working. Until this timo she had always had a good appetite, and 
her diet had been liberal and varied, although it was liigh in carbohydrate. After she gave 
up her work as a laundress her only income was from a daughter who s'ent her small sums 
of money from time to time. It never averaged more than eight or nine dollars a month. 
■With the money she had left, after paying for fuel and rent, sho could buy little but com 
meal, flour, syrup, dried beans, sweet potatoes, and fat pork, so sho ate large amounts of these 
foods. She never had lean meat or milk and seldom had eggs or green vegetables. For sue 
years her diet had been inadequate in all nutrients except calories (Fig. 4). Two years poor 
to tho time she came to the clinic her eyes began to burn and "water” and she notice 
that her vision was becoming "dim.” Within a year she could not see to read. She kep 
the window shades down all day because the light hurt her eyes. For four months before se 
came to the clinic the pain in lier eyes was so intense that she cried most of the time. e 
was unable to take care of lier house or herself, so her granddaughter came to keep kouse 


for her. 

When we first saw her, she held a cloth over her eyes which, . she explained, kept tjie 
light out of her eyes. "My eyes feel like they is burned out with red hot pokers,” s ® 
cried over and over again. It took a long time for us to gain her cooperation enough o 
allow ns to examine her eyes. Exuding from both eyes was a mucopurulent discharge m® 
which smears and cultures showed hemolytic staphylococcus and streptococcus and xerosis 
bacilli. The conjunctivae of both eyes were fiery red, and there was pronounced “ 

both bulbar conjunctivae. Severe destruction of the corneas of both eyes, more severe on 
left than on the -right, was striking (Fig. 5). The lesions were so advanced that so 
observers thought she had "pyophthalmitis” and not a vitamin deficiency. 

A complete physical examination showed that she was obese and had hypertensive ear 
disease. Her blood pressure was 180/110. The left cardiac border extended to the mi - 

after the physical examination was finished she was given 15 mg. <>* 
intravenoLly Sixteen hours later she volunteered that her eyes were much less painful, and 
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there was a definite decrease in the redness of the conjnnctivae. Slit-lamp examination aho^Yed 
that the vessels had decreased in caliber. She was given 15 mg. of riboflavin intravenously 
daily for two days. By the end of this time much of the redness of the conjunctivae had 
faded, and there was still further decrease iu the caliber of the vessels and in the size of the 
ulcers in both corneas. She stated that she had scarcely any pain in her eyes. Dr. K. Aschcr, 
who saw the patient at this time, agreed in general with our observations and noted con- 
traction of the vessels in the new scar tissue. She was discharged after ten days in the 
hospital. 
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Fig. A. 

For the next two niontlis her granddaughter brought her to the clinic weekly for observa- 
tion (see Fig. C, forty days after initial riboflavin therapy). At the end of this time all the 
redness of her eyes had disappeared and she could see well enough to come to the clinic 
alone. She went to visit her daughter in another toivn and did not come to the clinic again 
for six months. Her daughter was unable to provide her with a better diet than she had had 
at home. For five months she had no recurrence of the eye sjTnptomsj then she developed 
photophobia and lacrimation which grew steadily worse. A month after the onset of these 
symptoms she returned to the clinic seeking treatment. 

Examination of her eyes showed that the vessels of the conjunctivae and corneas were 
again dilated, and there was beginning ulceration in the corneas of both eyes. There was, 
however, much less inflammation and purulent exudate than when, we had first seen her. 
Bacteriologic examination showed the same orgai^sms as before. The administration of 15 
“g- of riboflavin intravenously was again followed by dramatic improvement. This therapy 
was continued for ten days, and at the end of this time she could sec well enough to read. 

Although she was advised to include in her diet daily one quart of milk, a serving of lean 
meat, two eggs, and two large servings of green vegetables, she was unable to buy these 
foods and continued to eat a diet grossly inadequate in riboflavin. For the following two 
years she came to the clinic frequently for observation and treatment. During this time 
she had six recurrences of the ocular symptoms. Each time the symptoms recurred in the 
same sequence. The deficiency was never allowed to progress to the place where ulceration 
recurred. At the time of the first five recurrences she was given 15 mg. of riboflavin 
intravenously. The sixth time, 15 mg. was administered orally. Eight months ago she began 
getting an old-age pension and since then her diet has been adequate and she has had no 
recurrence of symptoms. 

This patient’s general health and strength are greatly improved despite the fact that 
she has organic heart disease. At the present time her blood pressure is 168/94. The corneas 
of both eyes are badly scarred and her vision is not perfect. Nevertheless, she can see well 
ooough to read, to do her own housework, and to travel around town alone, whereas before 
treatment she had had to be led to the clime. 

This cas6 is illustrative of a patient who had eaten a liberal and varied but' 
especially high carbohydrate diet until she was 62 years of age, when illness 
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forced her to give up her job and she could no longer buy protective foods. As a 
result, hei diet became not only unbalanced, but also grossly deficient in ribo- 
flavin. ^ter eating such a diet for six years, she developed photophobia and 
lacrimation, severe conjunctivitis, and corneal ulceration of both eyes. Her 
eyes improved after intravenous riboflavin therapy, but large areas of scar 
tissue remained. She was unable to obtain a job and therefore could not buy 
proper food. In two years she had six recurrences of the ocular symptoms. 
Each recurrence was successfully treated with riboflavin before further ir- 
■ reparable damage to her eyes could develop. Then an old-age pension became 
available, which has made it possible for her to improve her diet, and she has 
had no recurrence of symptoms. 

Included in this study were three eases of strabismus in which the part of 
the eye most exposed to light was the part most severely affected, showing that 
direct light had an effect. The response to treatment, however, was just as 
good as it was in the other patients. 


DISCUSSION 


During the past six yeare numerous investigators have described cheilosis 
or perleche and certain ocular manifestations as deficiency disease s>Tidromes 
and have attributed them to deficiency of riboflavin in the diet. It is unfortunate 
that some physicians have regarded these manifestations as pathognomonic of 
riboflavin deficiency. As these lesions often disappear without any know 
specific changes having been made, it is difficult to assess the value of -any 
substance in relieving them. Rest in bed or relief from insomnia often are 
, followed by a decrease in the size or the disappearance of such lesions. ' When 
other diseases are present, the remedies directed toward treating these diseases 
often improve the general condition of the patient and the cheilotic lesions and 
ocular symptoms decrease or disappear. "Wlien pellagra is severe enough, the 
general nutritive state of the patient is often greatly impaired and cheilosis 
and ocular symptoms are frequently present. It is not uncommon to see general 
improvement in the nutritional status of the patient with pellagra and a dis- 
appearance of cheilosis and ocular lesions following only niacin therapy. Un- 
less the diet becomes adequate, however, these lesions tend to return eventually, 

■ even when the patient is taking niacin. In this clinic we have seen cheilosis and 
ocular lesions identical in appearance^ to those described in this paper which did 
not disappear even after the patients had received from 2 to 10 Gm. of ribo- 
flavin over varying periods of time. These observations have led us to develop 
the working hypothesis that cheilosis is a clinical tem denoting a lesion which 
may or may not be relieved by riboflavin therapy. It may be relieved by a num- 
ber of agents that tend to increase the general health of the patient. In some 
instances it can be relieved by riboflavin alone. In regard to the ocular lesions 
we take the same point of view. To us it seems that there are certain funda- 
mental anatomical structures involved in each case and that a number of different 
factors can predispose toward, or produce, such lesions. 

In recent years much healthy skepticism has arisen in regard to the relation- 
ship of riboflavin deficiency to ocular lesions and cheilosis. This skepticism is 
.chiefly due to the increasing number of papers in the medical literature m 
which it is reported that healthy subjects given a diet deficient in riboflavin for 
varying periods of time failed to develop such lesions. It has not been sut- 
ficiently stressed that riboflavin deficiency, if it exists as such, 
result of very long-eontinued subsistence on a diet low in riboflavin. Such cue 
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arc common among persons living in some of the southom areas of the United 
States. This may explain ivhy we see so many persons in our clinie who have 
cheilosis and ocular lesions which respond to riboflavin therapy. It also is con- 
ceivable that, with what has been called riboflavin deficiency, there may be asso- 
ciated, but as yet unidentified, lesions and that the cheilosis and ocular mani- 
festations are only a part of the syndrome. 

In many pei-sons wo have seen cheilosis without ocular involvement or ocular 
involvement without cheilosis. In many others we have seen involvement of only 
one eye or only one angle of the mouth. The degree of storage of riboflavin 
and other nutrients in the tissues of the body may play a prominent role in the 
appearance of these lesions. Year after year we hear these undernourished per- 
sons complain periodically of weakness, tiredness, irritability, and other vague 
symptoms; and in trying to arrange these symptoms into some sort of pattern, 
one is forced to the conclusion that the body can mobilize vitamins and transfer 
them from one tissue to another. All our studies on the riboflavin content of 
the blood tend to indicate that there is little or no fall in the concentration of 
riboflavin even in the presence of severe lesions. Nevertheless, that there is a 
tendency for the body to hold riboflavin is indicated by the fact that when we 
have given persons a diet deficient in riboflavin, the amount excreted in the 
urine decreases very rapidly and soon falls to normal. 

The amount of riboflavin which is produced by intestinal bacterial synthesis 
may be very great. Naturally the type of bacterial flora concerned and the type 
of, diet Is very important. Although we have tried to discover whether or not 
the body can take riboflavin from the viable bacteria, wo have little significant 
evidence either for or against such an hypothesis. Certainly, the flora of the 
intestinal tract changes in the later stages of deficiency diseases. It may well 
be that the intestinal tract, or the flora of the intestinal tract, .is altered by 
deficiency disease so that persons with these diseases may absorb less riboflavin 
than do persons in good health. We must admit that, at this time, riboflavin 
deficiency is little understood. Nevertheless, the patients in this study had 
been ingesting a diet inadequate in riboflavin and they developed lesions which 
responded to riboflavin therapy. Irrespective of the mechanism, physiology, 
bacteriology, or biochemistry concerned, it is important for the practicing physi- 
cian to know that such symptoms may arise and in many instances respond 
to the administration of riboflavin. At the present time we can do little more 
than recommend that the nutritional status of all patients with ocular lesions or 
cheilosis be carefully studied and that riboflavin be administered as a therapeutic 
test. 

SUMMARY AND CONCLUSIONS 

Three hundred patients who developed ocular disease after subsisting on 
diets deficient in riboflavin ivero selected and treated for brief periods of time 
with intravenous injections of riboflavin. There was a prompt elevation in 
the concentration of riboflavin in the blood and urine. This elevation was rarely 
sustained for more than a few hours. Within forty-eight hours there was 
some subjective improvement in all patients, perhaps because they were care- 
fully selected in order to be certain that they had photophobia and were eating 
a diet low in riboflavin. The degree of improvement volunteered in SO per 
cent of the cases ivas truly remarkable. Within this period there was observed 
a duninution in the caliber of the dilated vessels in the eye and a striking de- 
crease in .the photophobia and corneal ulceration. Accompanying this improve- 
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meat was' a decrease m the number of hemolytic staphylococci, streptococci, and 
xerosis bacilli m the exudate from the eyes. Despite the fact that many of the 
patients included in this study have irreparable eye damage, they are relieved 
of pain and their vision is improved. Seventy-two per cent of these patients 
have been able to return to work after months or years of idleness. It is possible, 
of coni’se, that some of these patients may have severe recurrences and lose" their 
positions. Others may improve slowly and obtain work. We have not followed 
this group of patients long enough to be certain. These should be regarded only 
as tentative figures. In fact, we ain hesitant about including them at all. 

Most of the 300 patients continued to eat their usual inadequate diets with 
the result that 251 have had recurrences, the first recurrence appearing vdthin 
from one week to two years after the initial period of therapy. The number 
of I’ecurrences varied a great deal; a few of the patients have had only one recur- 
rence, and one has had seventeen over a period of two years. In forty-nine 
patients there has been no evidence of clinical recurrence as yet, despite the 
fact that their diets have not improved. In all recurrences the s 3 Tnptoms tended 
to evolve in sequential order in the same patient, although the variety and 
severity of symptoms and the order of their appearance varied widely from 
patient to patient. 


The observations reported in this paper and similar observations on other 
persons with ocular manifestations of riboflavin deficiency wdio have been treated 
wth riboflarin administered either orally or intravenously have suggested four 
important concepts to, the author’s: The first is that the ocular manifestations, 
of I’iboflavin deficiency are common in areas in -which deficiency diseases are 
endemic ; that they may occur in either sex and probably at any age (the ages 
of the patients in the series reported in this study varied from 8 to 92 years) ; 
that they may be unilateral or bilateral and may occur irith or without cheilosis ; 
and that they may or may not be associated with clinical e-videnee of other 
deficiency syndromes. The second is that the physician must administer ribo- 
flavin either orally of intravenously, not only through the most interesting 
part of the disease, namely, during the acute manifestations, but that he must 
continue this therapy until he is certain that the factors predisposing to ribo- 
flavin deficienc 3 ’- have been eliminated. The third is that the patient is likely 
to have recurrences of the ocular symptoms unless the physician instructs him 
to eat a diet that includes liberal amounts of lean meat, milk, green vegetables, 
and other protective foods and unless the patient not only undei-stands but also 
follows these instructions. The fourth is that the physician who does not have 
a clear picture of the predisposing and precipitating factors in every case will 
find it more difficult to treat the patient successfully than the physician w’ho has 
determined these factors and, insofar as possible, eliminated them. 

Until more precise methods are available for assessing the degree of ribo- 
flavin deficiency in each patient, there is bound to be some controversj’’ and con- 
fusion. Meanwhile it is our hope that these therapeutic concepts may be of 
some practical value. 

REFERENCES 


1. Soler: Osservazione medico — ^practiche formando la stona essata di una particolar 

inalattia chiamata pellagra, venezia, 1791. Quoted by Harris, H. H.: PeUagra, 
New York, 1919, The Macmillan Co. , , vot 

2. Pindlay G. M.: Pellagra-Like Lesions Associated tVith Deficiency of Bj m tne na , 

^ Sheim^^^" C^^d Sandels, M. B.: B^eriments With Reference to the 

Steke Bac'tof of the B Group (Pac^r P-P, Vitamin B or G), ' 

Biol; &■ Med. 26: 536, 1929; Further Experimental Differentiation of Vitam 
B and G, X Nutrition 3: 395, 1931. 



EFFECT OF BARIUM CHI^ORIDE ON HEART 


765 


4. Thatcher. H. S., Sure, B., and ‘Walker, B. J,t Avitaminosisj Pathologic Changes in the 

Albino Kat Suffering From Vitamin Q Deficiency, Arch. Path. 11: 425, 1031. 

5. Day, P. L., Langston, W. C., and O’Brien, C. 8.s Cataract and Other Ocular Changes in 
' Vitamin G Deficiency, Am. J, Ophth. 14: 1005, 1931. 

f>. Day, P. L., Darby, W. J., and Ijangston, W. C.: The Identity of Flavin With tho 
Cataract-Preventive Factor, J, Nutrition 13: 389, 1937, 

7. Day, P, L., and Darby, W. J.': Tho Influence of Different Casein Preparations in Kibo- 

flavin Deficient Diets Upon the Appearance of Cataract, Biocnem. J. 32: 1171, 
1938. 

8. Bcsscy, 0. A., and Wolbach, S. B.; Vascylarization of the Cornea of the Rat in Ribo- 

flavin Deficiency, With a Note on Comeal Vascularization in Vitamin A Deficiency, 
J. Exper. Med. 69: 1, 1930. 

9. Eckhardt, R. E., and Johnson, L. V.: Nutritional Cataract and Relation of Galactose 

to Appearance of Senile Suture Line in RnU», Arch. Ophth. 21; 315, 1939. 

10. Spies. T. D., Bean, W. B., and Ashe, W. P.; Recent Advances in the Treatment of 

Pellagra and Associated Deficiencies, Ann, Tut. Med. 12: 1830, 1939. 

11. Spies, T. D., Vilter, R. W., and Ashe, W. P.: Pellagra, Beriberi and Riboflavin Deficiency 

in Human Beings, J. A. hi. A. 113: 931, 1939. 

12. Sydenstriker, V. P., Geeslin, L. E., Templeton, C. M,, and Weaver, J. W.; Riboflavin 

Deficiency in Human Subjects, J. A. M. A. 113: 1697, 1939. 

13. Kruse, H. D., Sydenstriker, V. P., Sebrell, W. H., and Cleckloy, H. hi.: Ocular Mani- 

festations of Ariboflavinosis, Pul>. Health Rep. 55: 157, 1940. 

14. Johnson. L. V., and Eckhardt, R. E.: Rosacea Keratitis and Conditions With Vascular- 

ization of Cornea Treated With Riboflavin, Arch. Ophth. 23; 899, 1940. 

15. -Sydenstriker, V. P., Scbrcl!, W. H., Cleckley, H. M., and Kruse, H. D.: The Ocular 

Manifestations of Ariboftavinosi^ J. A. hi. A. 114; 2437, 1940. 

16. Spies, Tom D., Vilter, R, ‘W,, and Douglas, Gilbert, Jr.: Nutrition in Convalescence 

and Rehabilitation: A Progress Report, South, hi. J. 37: 560, 1944. 

17. Emmeric, A.: Determination and Excretion of Flavins in Normal Human "Urine, 

Nature, London 138: 164, 1926. 

18. Snell, E. E., Strong, F. M., and Peterson, W. H.: A hlicrobiological Assay for Ribo- 

flavin, Indust. & Engin. Chem. (Annlyt. Ed.) 11: 346, 1D3D. 

19. Eckhardt, R. E., Gyorgy, P., and Johnson, L. W.: Proc. Soc. Expor, Biol. & Med. 

46: 405. 1041. 

20. Feeney, R. E., and Strong, F. M.: J. Biol. Chem. (Proc.) 140: xxxviii, 1941. 


THE EFFECT OF BARIUM CHLORIDE ON THE HEART 

A. hi. Wedii, M.D., AND H. A. Blair, Ph.D. 

Rochester, N. T. 

I N THE course of investigating the action of certain drugs on various funda- 
mental properties of cardiac muscle, observations have been made on the 
influence of barium chloride on the turtle heart. Part of the present interest in 
this drug was aroused by statements in textbooks of pharmacology that barium 
has a digitalis-like action (Sollmann, Goodman, and Gilman). In an earlier 
paper® in which a study of the action of digitalis was reported, the methods 
herein used were described in detail, and it was shown that the most constant 
action of digitalis is to shorten the refractory period of heart muscle. There 
ha.s been quite general agreement that barium does increase the rate of beating, 
especially when rhythmicity is low, an action opposite to that of digitalis. This 
property led to the clinical use of barium for patients suffering from a slow 
idioventricular rhythm. 

The effect on rate, contractility, and tonus was observed with whole auricles 
and ventricular strips suspended in a bath of Ringer solution and the beat 
recorded on a smoked drum. Observations were made on six auricles and 
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seven ventricles. . In most instances the same tissue was tested on two or three 
successive days. A concentration of barium chloride 1 :100,000 did not in- 
fluence rate, and in some experiments 1 :50,000 produced little or no change, but 
usually concentrations of 1:50,000 and 1:33,000 were effective. For the auricle 
the effect on rate appeared to depend on the initial rate of beating. In three 
experiments slight slowing occurred with the first trial, but when the same tissue 
was observed on the following day and rhythmicity was lower, the same con- 
centration caused an increase in rate; one of these preparations which had an 
initial rate of 36 per minute was slowed to 32 by a concentration of 1:50,000; 
twenty-four hours later when the rate of beating was 26, it was raised to 38 by 
the same amount of the drug. 

The effect on the rate of spontaneously beating strips of ventricle was 
similar to that for the whole auricle, but in general it may be said that the 
higher the initial rhythmicity, the less the barium effect, and in consequence the 
degree of rate change was usually greater in the ventricular strips than in the 
auricle. In one ventricular strip a concentration of 1 :50,000 produced Do change 
in rate; 1 :33,000 raised the rate from 12 to 18 per minute, and 1 :25,000 caused a 
further increase to 24 beats per minute. In only one of the seven ventricles did 
slowing occur, when the rate fell from 21 to IS per minute with a concentration 
of 1:33,000; the next day the same concentration raised the rate from 15 to 34. 
However, the more mai-ked action of barium seen in the older tissue was not 
always to be related to rate alone; in one experiment the fresh strip beat at 
16 per minute and the rate w'as increased to 22 by 1:50,000 barium chloride; 
twenty-four hours later the same concentration raised the rate from 16 to 28. 
No satisfactory explanation can be offered for the more pronounced action of 
barium that was seen on the second and third days. The bath was always 
changed once or twice after each experiment, but no attempt was made to wash 
the tissue free from barium chloride. Moreover, as will be pointed out later, 
no similar behavior was obsei-ved for contractility. 

When auricular tonus waves ivere initially present, they persisted after the 
introduction of barium into the bath, and at times that phenomenon was 
heightened. In one auricular preparation, tonus waves first appeared following 
barium, and that event was again observed on the second day. Tonus, indicated 
by diastolic length, often increased both in auricular and ventricular prepara- 
tion^; relaxation due to the drug was never seen. 

The power of barium to produce extrasj'stoles and abnormal rhythms in 
the mammalian heart, which has been stressed by Rothberger and Winterberg'' 
a;nd Smith, Winkler, and Hoff^ and which was found disturbing in clinical 
usage by McMillan and Wolferth,® ivas seldom exhibited in the spontaneously 
beating turtle heart. In no auricular preparation and in only one ventricular 
strip did extrasystoles first appear after barium. But when ventricular strips 
. were rhythmically driven by condenser shoclis following the addition of barium, 
there commonly appeared extrasystoles and rapid spontaneous rhythms whose 
rates were often faster than obtainable by driving before barium was used> 

The primary effect of barium on contractility could not be satisfactorily 
studied because of difficulty in maintaining the necessary constant rate. In 
such preparations of cold-blooded heart the size of the beat decreases when 
the rate rises. Those observations that were made indicated a somewhat in- 
constant effect. At times there occurred a slight increase in strength of beat, 
even for a faster rate, but the late effect, from twenty to thirty mmutes after 
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■the addition of the drug, was usually a definite decline in -beat. In one of the 
auricles a decrease in beat was caused by a concentration of 1 ;100,000, which 
did not effect the rate. The ventricular strips usually showed a decrease in 
strength of beat independent of rate change. When the hath containing 
barium was replaced by fresh Ringer’s solution, only partial reeoveiy occurred 
within a short time. However, barium did not cause irreversible impainnent of 
contractility, for when the tissue ivas tested after twenty-four or more hours, a 
good beat was recorded. This is well shown in Pig. 1, which represents a- 
ventricular strip that was subjected to barium on three successive days; the 
tissue was kept in the cold room wdien not under observation, and the lever 
tension was constant throughout the period. The greater effect of barimn on 
succeeding days that has been descriljed in connection with its enhancement of 
rhythmieity was not obseiwed on contractility. 

Measurement of the refractorj'- period and of conductivity by electrograms 
from ventricular strips was rendered difficult because of inability to maintain 
the tissue at a constant rate of rhythmic stimulation before and after barium. 
For example, in one experiment the muscle would not follow the usual driving 
rate of 24 per minute; a rate of 14 ‘could be maintained, but after bariiuh 
1 -.100,000, a spontaneous rhythm of appimimately 15 developed, and when 
bai’ium 1:50,000 was added, the rate rose to 35.7 per minute. According to 
Sollmann,^ barium increases excitability of heart muscle. In the few experi- 
ments for which satisfactory measurements could be made, the state of excitation, 
as indicated by the refractoiy period and measured by the duration of the 
Q-T interval, was little altered. Change, when present, was usually toward a 
shortened interval, but the maximum shortening observed ivas less than 5 per 
cent (Table I). 


Table I. Effect of Bariom on Eefbactory Period and CoNDUcrroN 


EXPERIMENT 

0. R. 

S. R. 

Q-T 

Q-Q 

BARIUM 

Q*T 

Q-Q 

S.E. 

A 

24.2 

8.5 

1.26 


1:50,000 

1.36 

.04 

27.0 

B 

24.2 

16.7 

1.4 

.30 

1:100,000 

1.34 

.28 

23.1 


24.2 


1.4 

.20 

1:50,000 

1.36 

.27 

23.1 

C 

24.2 


1.8 

.38 

1:100,000 

1.8 

.42 



24.2 


1.78 

.42 

1:50,000 


.32 


D 

24.2 


1.48 

.32 

1:100,000 

1.44 

.32 



24.2 


1.40 

.34 

1:50,000 

1.34 

.36 


B 

24.2 


0.92 

.24 

1 .-100,000 

1.0 

.20 



24.2 


1.0 

.05 

1:50,000 

1.0 

.06 



D. R., Bate of rhythmic stimulation. 

S. K.. Bate of spontaneous heating. 

Q-T, Befractory period. 

Q-Q, Conduction time between receiving electrodes. 

In the noimally beating dog heart Rothberger and Winterberg"* found 
barium to have no appreciable effect on A-V conduction. Megibow and Katz, 
who maintained auricular fibrillation in the dog heart, reported that barium 
chloride enhanced A-V conduction and that the effect was marked and pro- 
longed. In the strips of turtle ventricle, with one exception, conduction effects 
were slight, and the direction was not constant (Table I). In these expen- 
ments the effect on both refractory period and conductivity was minimal. , 


SUMMARY 

' The effect of barium chloride on the whole auricle and on strips of ven- 
tricle of the turtle heart has been.studied. The principal action of the drug wa 
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to increase rhjlhmieity. This ciEcct was more marked when the rate of heating 
was relatively low, and also when the tissue had been removed from the animal 
for twenty-four or more hours. Contractility was usually depressed. The in- 
fluence on excitability, measured by the Q-T of the electrogram, and on muscle 
fiber conduction was slight, 
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ON THE USE OF THEOPHYLLINE AMINOISOBUTANOL IN 
ANGINA PECTOBIS 

Franz Sveinberg, M.D., and Julius Jensen, M.D. 

St. Louis, Mo. 

introduction 

T he use of theophylline and its derivatives in the treatment of coronary 
disease has persisted for many years in spite of lack of conclusive evidence 
regarding its efficacy. There is no doubt that, given intravenously, it has a 
marked effect upon the myocardium and upon the coronary circulation. It 
has further been assumed that a similar effect could be obtained by oral ad- 
ministration. In recent years. Smith and co-workers^ and Kiseman' have 
defended the view that theophylline given routinely by mouth helps in the 
treatment of .angina pectoris. However, Smith’s data were not adequately 
controlled and Riseman’s covered a wide field of drugs. His results were 
given in general terms without details. In only one chart js plotted the effect 
of theobromine upon the exercise tolerance of one patient. The conclusions of 
these authors have to some extent been based upon a subjective feeling’ of im- 
provement in the patients. No attempt has been made to discount the stimu- 
lating effect of theophylline upon the central nervous system. None of these 
observations equal in care those published by Evans and Hoyle’ in 1934. The 
technique of these authors seemed to ns the best available and we have em- 
ployed it in the present study. Evans and Hoyle failed to demonstrate a 
decreas e of the number or severity of the attacks of angina pectoris in patients 

» From the Department of 'Medicine, "Washington University School of Medicine, and the 
at. Louis City Hospital, Max C. Starhiott MemoTlai, 

This study was supported by a grant from the Wm. S. Merrell Co., Cincinnati. Ohio. 
Received for publication, June 12, 1S45. 
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CASE • 1 . 




-Fig. 1— Each column represents one daj;; the height represents the number of attecks 
recorded, each square indicating one attack. The base band indicates medicatl . • 

nmdicationt black, theophylline aminolsobutanal ; gray, placebo. 






Fig. 1 (Cont'd). — See opposite paj7e for legend. 
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taking theophylline. In 1943, Boyer^ reviewed the literature on the subject 
and agreed with Evans and Hoyle that, given orally, theophylline is without 
effect upon the coronary circulation. 

It had been suggested that the reason for this failure to. obtain demon- 
strable effects by oral administration was insufficient dosage, for larger doses 
cause gastric irritation. Enteric coating does not solve the problem, for tab- 
lets so treated may pass undissolved through the intestine. Attempts have 
been- made to produce theophylline preparations which do not upset the stom- 
ach. Theophylline aminoisobutanol* is one such preparation. It contains 67 
per cent theophylline. 

Theophylline aminoisohutanol was given by mouth by Dr. Drew Petersen, 
on our service, in doses up to 6 gr. three times a day. "While good tolerance 
was not universally observed, the drug was tolerated well enough to be used 
for an extended study of its effect on ambulatory patients with angina pectoris. 

Because theophylline continues to be, more or less wholeheartedly, recom- 
mended for oral administration in coronary disease, because it is so widely 
used in actual practice, and because it was thought that perhaps the Wm. S. 
Merrell Company had overcome the principal objection to its oral use, it was 
decided once more to test theophylline in general and specifically the new 
derivative, theophylline aminoisohutanol. 

TECHNIQPE 

The technique used by Evans and Hoyle was closely followed. The pa- 
tients kept diaries of their attacks and the time of observation was divided into 
perio(^s of four weeks each. After a preliminary period of observation, periods 
of taking theophylline aminoisohutanol and periods when the patients received 
a similar but inert tablet followed in irregular sequence. 

Sixteen patients with angina pectoris were selected for this observation. 
Ten of these continued under observation for from twelve to twenty-four 
weeks. Only in these Avere the findings considered sufficiently complete to 
allow- conclusions. Nine of them had arteriosclerotic heart disease and one had 
syphilitic heart disease, which probably caused his angina. 

The diagnosis of angina pectoris was established by a carefully taken his- 
tory, emphasis being placed upon the relation of the pain to effort, emotion, 
meals, or Aveather and on the effect of glyceryl trinitrite. If a myocardial 
infarction had occurred Avithin six months, the patient Avas not accepted. The 
patient Avas given a complete physical examination before he Avas accepted and 
electrocardiograms Avere taken repeatedly during the period of observation. 

The patients Avere seen Aveekly by one of us (P. S.) . They recorded their 
attacks on a special form and graded them 1 to 4 on the basis of severity and 
duration. They also kept count of the number of glyceryl trinitrite tablets 
used per Aveek and, finally, they Avere asked their subjective impressions of the 
Aveek as a Avhole, especially regarding factors which might influence their 
attacks (emotional factors, unusual efforts, intercurrent illnesses, changes of 
Aveather) . 

During the entire period the patients Avere instructed to nse glyceryl tn- 
nitrite as needed and a fcAv Avho had previously taken phenoharbital routinely 
nnntinued to do so. After four (in one case three) weeks of observation, some 
of the patients were given theophylline aminoisohutanol, .18 Gm. three times a 
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day; the others received as many inert tablets of similar appearance. Every 
four weehs the drugs ivere changed without the patient’s knowledge so that 
those who had received the drug were now given the inert substitute and vice 
versa. Three patients who complained of nervousness and nausea (in one case 
while the placebo was being given) had their dosage reduced by one-half. 
Finally, in five of the cases, the test periods were followed by additional weeks 
of obsen’ation, during which the patients received neither theophylline amino- 
isobutanol nor its inert substitute. 

Despite all precautions the evaluation of our results proved very difficult. 
As is well known, angina pectoris is subject to considerable spontaneous varia- 
tions and is easily influenced by cflort, emotion, and other factors, the exact 
effect of which it is difficult to define in any given case. Furthermore, many 
patients with angina pectoris arc easily influenced and the mere increased 
attention which they received made them feel better. Some were overanxious 
to report improvement and would ignore minor attacks, such as they had 
formerly recorded. All of these means of investigation, therefore, proved un- 
reliable. We found that even the amount of pain which induced the patients 
to take glyceryl trinitritc tablets varied so much that the number of such 
tablets taken proved no reliable guide to the effect of our theophylline therapy. 

We finally concluded that tlic number of recorded attacks of angina pec- 
toris was the best indication of such effect. These data were so arranged 
as to bring out any contrast between the periods when active and inactive drugs 
were administered. On squared paper a base band was draivn; the space was 
white when no drug was given, black when theophylline aminoisobutanol was 
given, and gray when the inert substitute was given. All days of observations 
were indicated by spaces on tliis band. On each day one definite attack was 
indicated by a square, the number of squares indicating the number of attaclts 
on any given day. Such graphic representations of the ten cases which were 
studied for from eleven to twenty-four weeks arc reproduced in Fig. 1. 

• • CONCLUSIONS 

It ivill readily be seen that there is no significant absence of attacks of 
angina pectoris during the periods when the patients received theophylline 
aminoisobutanol as contrasted with the periods when they received the inert sub- 
stance or no drug at all. It is concluded that theophylline in general, and spe- 
cifically theophylline aminoisobutanol, exerts no demonstrable effect upon the 
incidence of attacks in patients with angina pectoris. 
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, DBIINUTION OF EPINEPHRINE SENSITIVITY OP THE NORJIAL 
HIB-IAN HEART THROUGH THIOURACIL 

W. Raab, M.D. - 
Burlington, Vt. 

' I ' he outstanding role played b 5 ’^ excessively secreted epinephrine, sympathin, 
i- and related catechol compounds as myocardium-anoxiating and myocardium- 
damaging agents in the pathogenesis of various forms of heart disease, such as 
angina pectoris, myocardial degeneration, uremic heart, and' sudden cardiac 
death, makes it desirable to protect the heart muscle against the continually 
or paroxj’^smally exerted toxic chemical effects of the sjunpathomimetie amines 
named. This can be attempted either by reducing exaggerated adrenal medullary 
secretion through x-ray irradiation of the adrenal region^ or by removal of an, 
adrenal medullary tumor or, on the other hand, by artificial diminution of the 
sensitivity of the heart to epinephrine; 

A marked intensification of the stimulating and potentially damaging 
effects of epinephrine on the heart through the thyroid hormone is a well- 
established fact.*”’ Thyroidectomy produces the opposite situation: the 
cardiac effects of epinephrine are diminished.®* The beneficial results of 
thyroidectomy in angina pectoris and heart failure’®* “ are, accordingly, essen- 
tially attributed to the elimination of the thyroid hormone as a factor which 
’ sensitizes the heart muscle to the anoxiating action of secreted epinephrine 
and sympathin.’®* ”* 

It was to be anticipated that thiouracil treatment, by suppressing thyroid 
secretion,’® would yield analogous results, and both experimental and clinical 
.observations corroborate this assumption. In rats the resistance of the heart 
muscle to injected toxic doses of epinephrine and to excessive myocardial 
epinephrine accumulation was found to be markedly increased after adminis- 
tration of thiouracil,’® and striking therapeutic results were obtained in pa- 
tients with angina pectoris through treatment with thiouracil, while the symp- 
toms reappeared when placebos were substituted for the drug without the 
patient’s knowledge.” ' ' 

The following observations were carried out in order to ascerta,in the 
diminishing- effect of thiouracil on the epinephrine sensitivity of the normal 
human heart. 

METHOD 

Ten physically healthy young male patients of the Vermont State Hospital 
w;ere subjected to thiouracil medication for three months (daily total dose, 0.4 
Gm. in two portions*). Before and at the end of the medication period the 
following tests were obtained : basal metabolic rate, blood pressure, pulse rate, 
and electrocardiogram at rest ; electrocardiogram immediately after exercise (36 
times hopping on one foot) ; blood pressure and pulse rate after subcutaneous 

TiYom the Universi'y of Vermont, Medical College, Department of Medicine, Burlington, 

Vt and the Vermont State Hospital, Waterbury. Vt. 

” Thi= <!tudv was aided by a grant from the Committee on Scientific Besearch of the Ameri- 
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injection of from 0.5 to 1.0 mg. of epinephrine during tliirty minutes, measured 
nt six-minute intervals; electrocardiogram taken twelve and thirty minutes 
after injection. 

The psychiatric diagnoses of the test subjects were dementia praeoox and 
psychoses with mental deficiency. 'While the patients were fairly cooperative 
as a whole, it was not possible in some of them to establish ideal standard con- 
ditions for basal metabolism determination and the readings, therefore, must 
be regarded with caution. 

No unpleasant side reactions were complained of after epinephrine in- 
jection; there was some pallor but no trembling, no intense palpitation, and 
no precordial distress. Tiie ihiouracil tablets wore well tolerated. Weekly 
leucocyte counts sliowed normal values without exception. There developed 
no clinical features of hypothyroidism. 


RESULTS 

Basal Metabolic Bate . — Marked decreases below the zero line occurred in . 
only two patients (Cases 7 and 9). In four other patients there wore minor 
decreases. The increases in two patients (Cases 3 and 10) may he explained by 
the distinctly changed mental state of these subjects at the times of the deter- 
minations. 

Blood Pressure and Pulse Bate . — Changes of tlie blood pressure level ob- 
served after thiouracil medication were rather irregular (Tables I and 11), but 
there was a sliglit decrease of the average systolic and diastolic pressure. The 
same applies to tlio pulse rate at rest. 


Tarle I 
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averaob* 

pEACflON ro 









EPINEPHRINE INJECTION 


BLOOD PBESSORE AT REST 

fULSE RATE 

BLOOD PRESSURE 



srSTour 

DIASTOLTC 

AT REST 

SYSTOLIC 

or^aTOLic. 

PULSE RATE 

BE' 


BE- 


BE- 


BE- 


BE- 


BE* 


FORE 

AFTER 

FORE 

AFTER 

FORE 

AFTER 

FORE 

AFTER 

PORE 

AFTER 

FORE 

AFTER 

nnou- 

TJIIOU- 

TUIOU- 

TIHOCT- 

Tinou- 

TItlOO- 

Tinou- 

THIOU- 

Tinou* 

Tinou* 

Tinou* 

Tinour 

RACIL 

RACIL 

RACIL 

RACIL 

RACIL 

RACIL 

RACIL 

RACIL 

RACIL 

RACIL 

RACIL 

RACIL 

122 

112 

54 

G4 

76 

60 

+11 

+21 

-21 

-IG 

+30 

+ 1 

122 

120 

‘ OS 

66 

68 

64 

+ 7 

+ 9 

- 5 

- 8 

+10 

+ 9 

130 

126 

68 

78 

72 

54 

+32 

+23 

-48 

-33 

4-6 

- 2 

130 

138 

72 

80 

70 

76 

- 0 

+ 5 

- 2 

-15 

+ 4 

- 2 

116 

106 

62 

58 

70 

78 

+ 4 

+ 4 

-12 

-15 

+10 

- 4 

116 

lOG 

68 

68 

72 

64 

+10 

+10 

- 9 

-10 

+12 

- 7 

328 

1J2 

78 

86 

96 

92 

+ 4 

± 0 

-28 

+ 3 

+ 9 

- 3 

134 

140 

90 

80 

98 

90 

+ 5 

+ 6 

- 9 

-16 

+ 5 

-10 

148 

156 

80 

90 

85 

58 

+ 6 

+15 

-22 

-23 

+ 1 

+10 

lOS 

OS 

68 

32 

66 

52 

+ 9 

+ 5 

-12 

+ 3 

+ 4 

+ 2 


-1S%{ - 47ot 


,p ‘Average of ave readings tahen during thirty mlnutoA after injection of 0.5 mg. of epinephrine 
^ Aoa 10) and of z mg. In the other seven patients, 

trense and restless. 

ojl^^jjtDepressed and mute at time of first determination; rather excited at the time of the second deter- 


Also, the reactions of the blood pressure to epinephrine injection were only 
slightly and uncharaetoristieally altered after thiouracil medication. However, 
the epinephrine-induced acceleration of the heart was diminished throughout 
after thiouracil with only one exception, and in six patients the pulse rate was 
aven decreased after epinephrine injection folloiving thiouracil treatment. 

Electrocardiogram . — At the end of the thiouracil period there were a few 
rather irregular changes of the i-esting electrocardiogram as compared with the 
original details. In two patients there was an inversion of the T wave (T, in 
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Table II. Average Values op Ten Patients Before and AfteIi Three Months of 
Treatment 'With Thiouracil (Daily, 0.4 Gm.) ; 



, BEFORE 

THIOURACIL 

AFTER 

THIOURACIL , 

DIFFERENCE 

Basal metabolic rate 

+1.5% 

- 1 . 0 % 

- 2 . 5 % 

Body weight 

152 lb. 

152 lb. 

±0 lb. 

Systolic blood pressure 

Diastolic blood pressure 

Pulse pressure 

Pulse rate per minute 

125 mm. 

76 mm. 

49 mm. 

70 beats 

121 mm. 

71 mm. 

50 mm. 

74 beats 

—4 mm. 

-5 mm. 

+1 mm. . 

-5 beats 

Eesponse to suticnitaneous injection of 
epinephrine 

Elevation of systolic blood pressure* 
Fall of diastolic blood pressure* 
Increase of pulse pressure* 

Change of pulse rate 

8 mm. 

17 mm. 

26 mm. 

+7 beats 

10 mm. 

13 mm. 

24 mm. 

-1 beat 

+2 mm. 

-4 mm. 

-2 mm. 

-8 beats 


•Total average of the individual averages of five readings taken at six-minute intervals 
during tlilrty minutes following injection in each patient. 


Case 7, T„ and T3 in Case 8). was slightly lowered in eight patients; the T 
waves in other leads were slightly lowered or slightly increased in a minority oi 
instances. No low voltage of the myxedematous type was seen in any patient. 

Following ph3'’sieal exercise only four persons (Cases 5, 7, 9, and 10) showed 
appreciable alterations of the electrocardiogram (lowering of the T wave in 
one to three leads) prior to thiouracil treatment. After thiouracil treatment 
these reactions were only slightly modified (Table III), but with an average, 
diminution of the depression of Tj and T4. 


Table III. Differences Between the Alterations of the T Waves Due to Physical 
Exercise Before and After Thiouracil (Millimeters) 


CASE 

T. 

T. 





5 

-1.0 

0 " 




7 

-0.5 

0 

0 



9 

-1.0 

0 

+ 0.5 

+ 1.5 


10 

-0.5 

0 

0 

- 1.5 


AVERAGE 

-0.8 

0 

0 

- 1.1 



Epinephrine injections before thiouracil were followed by alterations of 
the T wave in two or more leads in. most patients (lowering in twenty-seven 
instances, increase in nine, and no change in four). After thiouracil treatment 
these electrocardiographic responses to epinephrine were slightly to markedly 
weakened, in all subjects (Table IV), the depression of the T waves being 
diminished or entirely abolished. Prethiouracil inversions of T^, T3, and T, 


Table IV. Differences Between the Alterations of the T Waves Due to Epinephr 
(Twelve and Thirty Minutes After Injection) Before and After 
Thiouracil (Millimeters) 


CASE 


3 

4 

5 

6 
7 
'8 
9 

10 ' 


12 MIN. I 30 MIN. 


Average 


12 MIN. I 30 MIN. 


BQm 

||Kf|nm 


























snOH 




-0.5 

+0.5 

-1.5 

-0.5 

0 

-4.5 

0 

0 

0 


-0.72 




12 MIN. 

30 MIN. 




— ti.t) 

- 0.5 


- 1.5 

-1.5 

- 0.5 


- 1.5 

-3.0 

- 0.5 



-3.5 

- 0.5 




- 7.5 

-7.5 

- 2.5 


-0,5 

-0.5 

- 2.5 

-I.o 

0 


- 1.0 


0 

-1.0 


BB 

-1.5 

-1.1 

-1.2 

- 2.1 

-2.1 
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due to epinephrine (Cases 0 and 7) rvcrc absent after thiouracil treatment. 
Only in four of seventy-six individual single leads was there a very slight 
(0,5 mm.) elevation of T waves compared with the corresponding leads before' 
thiouracil. The averages (Table IV) show a diminished response of the T 
wives to epinephrine in all leads after thiouracil treatment both twelve and 
thirty minutes after injection. 

DISCUSSION 

The irregular and altogether insignificant changes of the systolic and dias- 
tolic blood pressure and of their response to epinephrine injection follouing 
inhibition of thyroid function through three months of thiouracil treatment arc 
essentially in agreement with similar results obtained by Kiseman, Gilligan, and 
Blumgart” in man after total tliyroideetom 3 '. 

The resting pulse rate did not show anj' characteristic alteration after 
thiouracil, but the epinephrine-induced cardiac acceleration was regularly 
diminished with onlj’ one exception, and in more than half of the patients it 
was even transformed into a retardation. No clear relationship was observed 
between this behavior of the heart rate and the degree of response of the basal 
metabolic rate to thiouracil. A rather wide individual range of the latter has 
also been noted by other observers'^ in thyrotoxic patients and by me" in ten 
nonthyrotoxie patients with angina pectoris. 

According to Riseman and co-workers, the “cardiovascular sensitivity" 
to epinephrine (not including the electrocardiogram) remains unchanged after 
thyroidectomy unless the basal metabolic rate falls below -30 per cent. Levels 
as low as this were not reached in the thiouracil studies discussed herewith. 
Eppinger and Levine" observed a diminution of the blood pressure and pulse 
reactions to epinephrine soon after thyroidectomy but not regularly. Leblond 
and Hoff’* found the lieart rate and heart size of thiourea-treated rats dimin- 
ished, DiPalma and Drej'er" did not notice any change of the effect of epineph- 
rine on the intestinal movements of three rats following from one to three weeks 
of treatment with thiourea. Cardiovascular reactions were not included in 
these experiments, however. Acute single administrations of thiourea were 
ineffective regarding the response of blood pressure and pulse rate to epi- 
nephrine as one would expect in view of the sloivness with which thiourea 
leads to a hormone depletion of the thyroid gland. 

Ifrom the foregoing discussion of personal observations with thiouracil it 
would appear that the epinephrine sensitivity of the heart is much more af- 
fected by reduction of the thyroid function than that of the peripheral vas- 
cular system. This is demonstrated not only by the almost exceptionless 
diminution of the heart rate reaction, but also by the weakening or abolition 
of the electrocardiographic effects of secreted (exercise test) and injected 
epinephrine after thiouracil in all cases. Numerous observations'* have showui 
that the electrocardiogram is a sensitive criterion for the epinephrine-induced 
myocardial anoxia. 

The heart muscle possesses an outstanding tendency to accumulate in- 
jected epinephrine.'* The epinephrine tolerancerdecrcasing effect of thyroxine 
. as well as the epinephrine tolerance-increasing effect of thiouracil, which ren- 
ders otherwise inevitably fatal myocardial epinephrine concentrations innocu- 
ous,'* are in keeping with the conception of an indirectly protective effect 
of thiouracil on the heart through elimination of the epinephrine-potentiating 
thyroid hormone. 
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Striking therapeutic results obtained by me’* in angina pectoris patients 
with thiouracil therapy, and the normalization of the anoxic electrocardio- 
, gram in some of these patients were achieved and interpreted on the basis of' 
Ibis same rationale. They seem to contradiet the conclusion of Riseman and 
co-workers’® that the therapeutic effect of thyroidectomy in angina pectoris 
is mainly due to the mechanical interruption of sensory impulses from the 
iieart to the central nervous system. On the other hand, they corroborate the, 
opinion of Eppinger and Levine, Shambaugh and Cutler,” and Raab” that 
thyroidectomy improves the anginal symptoms by reducing the sensitivity of 
the heart to secreted epinephrine. 

The blood pressure of patients wdth angina treated with thiouracil re- 
mained unchanged. It is not directly involved in the mechanism of angina 
pectoris. 

Neither in patients with angina nor in the physically normal persons 
examined in this study was there a strict parallelism between the response to, 
thiouracil of the basal metabolic rate on one side and of the cardiac condition 
on the other. Disappearance of the anginal sjTnptoms followed the basal 
metabolic rate much more closely than was the case regarding the epinephrine 
resistance of the electrocardiogram. This apparent divergence may be ex- 
plained by the questionable accuracy of the basal metabolism readings in some 
of the mentally abnormal and, in part, slightly tense subjects used for the 
latter observations. The conclusion may be justified, however, that the fall 
of the basal metabolic rate is just one manifestation of reduced thyroid ac- 
tivity and that the diminished, epinephrine sensitivity of the heart is a separate 
one, not directly dependent on the degree of reduction of general oxygen con- 
sumption of the body. The statement of Leblond and Hoff’”’ that the effect of 
thyroxine on the heart is a direct one and not the consequence of general 
metabolic stimulation is in agreement with this view. 


CONCLUSION 

Thiouracil administration for three months to ten physicallj’’ healthy persons 
was followed by a significant diminution of the sensitivity of the heart to epi- 
nephrine (heart rate, electrocardiogram). 

The behavior of the blood pressure was rather uncharacteristic. 

Implications of these observations regarding the pathogenesis and treat- 
ment of angina pectoris are briefly discussed. 
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FATAL AGRANTJLOCYTOSIS OCCURRING DURING 
TREATMENT WITH THIOURACIL 

Paul H. Wosiica, M.D., Ph.D., and Ladislaus Braun, M.D. 

Chicago, III. 

T OXIC reactions during the course of tliiouracil therapy have been reported. 

Their incidence is about 10 per cent.‘ Most of these are mild and disappear 
when the drug is discontinued or its dose reduced. Unfortunately’, cases of 
agranulocytosis have been observed as a complication, and practically every pub- 
lication stresses the possibility of its occun’cnce. Some of these cases have 
ended fatally. The necessity of continuous clinical and laboratory studies, the 
repeatedly stressed fatalities, and probably the unavailability of the drug are 
factors responsible for the extremely’ cautious attitude toward thiouracil. In 
our experience a great majority of tlie profession voices the opinion that “many 
deaths" have occurred during its experimental trial. Some statements in the 
literature contribute to this belief, but there is confusion concerning fatalities. 

The first case of agranulocytosis occurring during thiouracil therapy was 
published by Astwood,® and although the patient recovered, this case was re- 
peatedly quoted as fatal agranulocytosis.*'^ Newcombe and Deane’s® case, in 
which the patient recovered, was referred to similarly. In Hlmswortli’s’’ own 
case of agranulocytosis, the patient’s blood count had become elevated (26,000 
Read in part before the Chicago Society of Internal Medicine. 
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white blood cells; 76 per cent neutrophiles) when the patient contracted 
bronchopneumonia and died. ,A “third fatal case was mentioned but details 
were not given. 

Actuallj^, there were no cases of fatal agranulocytosis published in detail 
before the reports of Kahn and Stock,® Pen-er, Spain, and Cathcart,® and Gar- 
gill and Losses.^ We are now reporting a fourth fatal case occurring during 
treatment with thiouracil albeit this tends to emphasize the fatalities. 

C 

t 

CASE REPORT 


The patient, a 50-year-old widow^ was referred for care of hyperthyroidism. The family 
history revealed that the mother died of a goiter and lieart trouble at 54 years of age. One 
sister liad iiypertlijToidism. The past history revealed tlrat the patient had had three full- 
term uneventful pregnancies. At 40 years of age (1934) she developed peritonitis follow- 
ing an abortion and was hospitalized for three months. In 1940 an incisional hernia was 
repaired. She was hospitalized in February, 1943, for an upper respiratory infection, for 
which she received approximately 22.0 Gm. of sulfathiazole without incident. Menopausal 
symptoms began in this year (agej 49) and she was treated with estrogenic substance. This 
improved a mild neurodermatitis that had proved resistant to various dermatologic therapeutic 
measures. We are unable to state whether Or not this represented some form of allergy, in 
March, 1944, she weighed 102 pounds, and since she was only CO inches tall, she sought medical 
care for reduction in weight. Her physician prescribed amphetamine sulfate. No basal 
metabolic rate was determined. She lost 16 pounds on this management and in July noticed 
that she was nervous and that the hot flashes recurred. Friends noted a protrusion of her 
right eye, for which she consulted her ophthalmologist (Dr. M. H. Cottle), who referred her 
for care of the hyperthyroidism. 

The physical examination revealed a slightly obese woman with a warm moist skin and 
tachycardia. The thyroid was symmetrically enlarged and smooth. The blood pressure was 
150/90 mm. Hg. Tliore was a long midline suprapubic scar and a few lower extremity 
varicosities. Eight unilateral e.vophthalmos was present. 


Laboratory studies revealed plus 43 to plus 85 basal metabolic rates; 132 mg. per cent 
blood serum cholesterol; normal blood count and urine. She was given 0.6 Gm. thiouracil* 
for thirtj'-one days, 0.4 Gm. daily for fourteen days, 0.2 Gm. for twenty-one days, • and 
0.1 Gm. for ten days; the total dose was 29.4 Gm. The basal metabolic rate was reduced 
markedly after six weeks, the pulse rate became slower, and no change was noted in the 
blood count or weight. The exophthalmos and general condition improved dramatically. 

The patient was seen November 13 when her throat was slightly injected and her 
temperature was 99 , 6 ° F. The lungs were clear. Tliiouracil was stopped. The throat condi- 
tion, became worse, until on November 15 swelling, marked redness, and a dirty white exudate 
were observed. The temperature was 103“ F. She had become toxic and restless. She 
was hospitalized and the blood count showed 84 per cent hemoglobin (Haden-Hausser), 
4,980,000 red blood cells per cubic millimeter and 2,500 white blood cells. No neutrophiles 
were found in the film. Mild jaundice was noted. The wliite count upon successive days was 
3,000, 1,200, and 500. The final ,diflierential count (consultation by Dr. E. Isaacs) was , 
morphonuclears, 4; polymorphonuclears, young, 2; lymphocytes, 59; monocytes, 18; endothelia 
cells, 10; plasma cells, 7. 

The patient died November 19 with a temperature of 106“ F. after a deepemng coma 
in spite of receiving, daily, 40 c.c. of pentnucleotide intramuscularly, 6 c.c. yellow bone mar- 
row, 500 mg. ascorbic acid, 100 mg. thiamine chloride, a transfusion of 500 c.c. of who e 
blood, and 10 units of crude liver extract intramuscularly. She also received a few oral 2 c.c. 
doses of folic acid and 15,000 units of penicillin every two hours for three days along wi 


ontinuous oxygen therapy. 

The post-mortem examination (performed by Dr. J. p. Simonds) revealed a i use 
aree ulceration of the entire pharyngeal wall extending to the pyriform fossae. It w 
o^vred by a dirty grayish membrane, the bases being irregular and dark reddish 
iolor. tL ulceratira covered the arytenoepiglottic folds and the internal surface of 
ipiglottis. The area surrounding the ulcer was swoEem 

thiouracil used was supplied by the Upjohn Company. Kalamazoo. Mich. 
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The thyroid weighed 22.5 grams. There was a circumscribed grayish .nodule in the 
left lobe. Sections showed a fairly well encapsulated mass composed of relatively small acini 
lined with cuboidal epithelium. The small lumina were empty or were filled with a thin 
homogeneous coagulated material. The stroma near this nodule was thin and structureless. 
In other areas there were numerous bands of connective tissue stroma that divided the paren- 
chymatous tissue into irregular masses. The acini varied in size and were lined with tall 
columnar epithelium, forming invaginations into the larger lumina. Colloid was present in 
wry few of these acini. Areas of lymphocytic infiltration ^Yere common. 

The adrenals were slightly larger than normal with the cortex approximating 0 mm. 
in thickness. The outer zone was yellow and the inner zone waa brown. Microscopically tlie 
adrenals showed a marked congestion of the medulla and the inner portion of the cortex. 
Lpnphoid material waa not present in the cortex in a normal quantity. 

A section of the bone marrow eliowcd the bony trabeculae to be normal. The marrow 
appeared cellular; many megakaryocytes and cells of the erj'throblastic series were present. 
' A few promyelocytes and myelocytes but no mature granulocytes w’ere noted. 

DISCUSSION 

The connection between chemotlicrapetitie drugs and agranulocytosis was 
pointed out hy Kracke.® With the introduction and wide use of the sulfon- 
amides, the importance of this complication gained new emphasis. Tlie rela- 
•tion between the action of tliiourca derivatives and sulfonamides has been noted 
repeatedly. That tbiouracil also may have toxic effects on the bone marrow 
was learned early in its clinical use. One of the first throe patients witli 
hjTicrthyroidism treated with thiouracil developed agranulocytosis (Astwood*). 
liater experiences differ significantly. McGavnck and associates® encountered 
one case of agranulocytosis and three cases of leucopenia among twenty-sis pa- 
tients treated. Astwood^^ more recently reported one ease of agranulocytosis 
and one of leucopenia iu a total of sixty-two treated patients. Himsw’orth® re- 
ported one instance of agranulocytosis and two of leucopenia among twenty- 
two patients. Gargill and Losses^ observed one fatal case of agranulocytosis 
and one of leucopenia among forty-four patients. Williams (quoted by Jack- 
son'^) treated 210 patients and obscr\’ed agranulocytosis twice. Grollman and 
Gryte“ noted four cases of leucopenia developing on the third or fourth day 
of treatment in eighteen patients. In Rose and iMcConneU’s^® series of thirty- 
seven patients two had leucopenia with pharyngitis. Gabrilove and Kert‘* 
noted leucopenia in one of nine patients. Paschkis and co-workers'® encoun- 
tered one case of leucopenia in twenty-one patients. Jloore and associates'® 
found two cases of leucopenia in fifty-two patients and Bartels" only three 
cases of leucopenia in 119 patients treated preoperatively. Palmer'® observed 
nine instances of transitory leucopenia in fifty patients, and Beardwood and 
Levinson'® only observed it twice in twenty patients, all of whom required only 
^ temporary discontinuance of the drug. Other authors observed neither 
agranulocytosis nor leucopenia : Reveno*® in nine, JIcGregor®' in twenty, Wat- 
son and Wilcox®® in eleven, IMartin®® in six, and Nussey®* in 27. 

Nine cases (including the present report) of agranulocytosis' have been 
reported in some detail. Of these, five of the patients have recovered and four" 
have^ died. These have been summarized in Table I. Six were women and 
two men, the usual ratio observed in agranulocytosis. The recorded ages were 
between 37 and 70 years, only one being under the age of 50 years. The 
bngth of time thiouracil was administered until agranulocytosis developed W'as 
from thirty-five days to slightly more Hian one year. The daily dose at the 
time the complication appeared was between 0.1 and 1.0 Gm. ; in eight of the 
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nine patients, it was 0.6 Gm; or less. The total dose of the drug consumed was 
between 16.8 and 168.3 Gm., but in seven of the nine patients it was less than 
50 Gm. In one patient (Case 8) the agranulocytosis appeared during a third 
course of thiom-acil, following rest intervals of four and one-half months and 
seven weeks. In the other instances the drug was taken without interruption. 


Table I. Summarizing Data or the Published Cases of Agranulocytosis 


CASE 

REPORTED 

BY 

SEX 

AGE 
fVR ) 

DURATION 

OP 

TREAT- 

MENT 

DOSE AT TIME 
AGRANULO- 
CYTOSIS 
OCCURRED 
fGM.) 

total 

AMOUNT Op 
THIOURACIL 
(OM.) 

AVER- 
■ AGE . 
DAILY 
DOSE 
(GM.) 1 

OUTCOME 

1 

A'stwood 

M 

37 

35 days 

1.0 

40 

1.14 

Recovered 

2 

McGavack 

F 

50 

42 days 

0.5 

21 

0.5 

Recovered 

3 

'Williams 

7 

? 

42 days 

0.2 

16.8 

0.4 

Recovered 

4 

Linsell 

F 

61 

126 days 

0.2 

49.2 

0.39 

Recovered 

, 5 

Himsworth 

F 

7 

52 days 

0.6 

64 

1.23 

Died of , 
broncho- 
pneumonia 

6 

Kalin and 

Stock 

F 

62 

54 days 

0.4 

30.8 

0.57 

Died 

7 

Ferrer and co- 
ivorkers 

M 

70 

5 mo. 

0.6 

168.3 

1.12 

Died 

8 

Gargill and 
Desses 

F 

56 

Little 
over 1 

0.2 

49.4 

Died 

1 

9 

Wosika and 
Braun 

P 

50 

yr. 

76 days 

0.1 

29.4 

0.38 

Died 


Thus, on the basis of this small number of reported cases of agranulocytosis, 
it would seem that the danger of agranulocytosis is apparently increased in 
patients over 50 years of age. The duration of the treatment, the size of the 
daily dose, and the total amount of drug consumed are of no determining im- 
portance. However, three received an average daily dose which exceeded 1 6m. 
daily for the whole period of treatment, which is definitely higher than the 
dosages used currently. The time of the onset of the agranulocytosis was 
between five and eight weeks in five of the nine patients, but the danger 
of the complication still was present after this time. Usually, the first five 
weeks are considered the most likely period for the development of complica- 
tions. It should be noted that in none of the published cases did agranulocytosis 
develop before the end of the fifth week. 

The effectiveness of thiouracil would seem to be established. Close super- 
vision of the patient must be maintained throughout the entire period of its 
use. Evaluation of the toxicity must await the publication of additional cases 
.with detailed data. 
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auimal a severe anemia is produced by means of acetylphenylhjfdrazhie or by 
bleeding, one can observe the launching of many young red cells into the circula- 
tion within a few days. If the reticulocytes are counted, the peak of the reticulo- 
cyte curve may be used as the starting point for tlie determination of the life- 
time of these new cells.® During and after tlie anemia period the biiirubm 
excretion i.s first found to be lower than in the control period; this is due to 
the change in the age distribution of tJie red cell population, many young cells 
being present and, therefore, fewer erythroeydes being destroj^ed. Then 
gradually there is an increase of tlie bile pigment output .wliich reaches its 
maximum after an average of about 110 to 124 days. This peak may be inter- 
pi'eted as being caused by mass disintegration of the red cells which entered ' 
the cii’culation during the repair period of the anemia and which. have now, 
reached the end of their lifetime. 


In monkey’s, approximately the same average lifetime was found by fol- 
lowing the daily reticulocyte count after production of a severe anemia,® A 
second reticnioeyle peak representing erythrocytes delivered to replace those 
which entered the circulation at the time of the anemia was observed after from 
94 to 117 days. This second peak was used as the end point in the determina- 
tions of the life span. 

• In man, serologic methods of diifcrential agglutination are now mostly 
employed for determination of the longevity of the erythrocytes. Ashby” 
was the first to transfuse 0 erythrocytes into recipients of different blood 
groups and to detennino, the time required for the disappearance of these 
“foreign" ceils. This technique has become more refined by using the ag-- 
glutinogens M and N for tagging of erythrocytes. Wiener'® and Mollison and - 
Young'® were thus able to demonstrate that these transfused red cells survive 
for from 3 to 4 mouths in the circulation of a normal recipient. With these 
serologic methods, the maximal survival time of the donor’s erj'throcytes is 
estimated. This survival time, however, is not necessarily identical with the 
true average lifetime of the red cell. In hsing the method of differential ag- 
glutination, at the starting point (day of transfusion) a mixed population of 
cells of quite different age is introduced into the recipient. The end point 
(comiilete disappearance of the test erythrocytes) is not sharply defined, as 
the assumption that the youngest cells may survive longest is not self-evident. 
As Baar and Lloyd'^ remark, red cells produced on any day may vary to some 
extent in their quality and thus cope differently with the fluctuating forces 
acting in erjffhroeyte destruction. Thus the average lifetime may sometimes 
be appreciably shorter than the maximal survival time. 


Recently a mathematical analysis of the results, obtained in determining 
the survival time has been performed by British investigators.'"'” These 
workers found that under strictly physiologic conditions there is a gradual 
disappearance of the transfused red cells and if the numbers of surviving cells 
are plotted against time in a diagram, a “linear type of decay’’ is found. Tins 
straight line of disappearance depends on a property (age) of the transfused 
cells themselves. The normal mode of destruction acts so as to remove in the 
unit of Time a fixed fraction of those cells introduced at transfusion. The 
straight line of decay is, therefore, the expression of the fact that the er.rthro- 
evtes are destroyed by normal means. As an average, about 0.83 per cent ot 
tile transfused cells are removed from the circulation per day; the true average 
lifetime was, therefore, again computed to be 120 days.'® If abnormal con- 
ditions exist, the line of disappearance of cells becomes curved, thus indicating 


PROBLEMS OF EltyTHKOCyTE MSINTEGBATION 


■787 


that an additional different hemolytie mechanism may he acting concurrently. 
Such pathologic mechanisms \yhich do not result in a linear line o£ decay and 
which change the straight line into a curved one are probably of such a nature 
that they destroy the erythrocytes at random, irrespective of their age. If, for 
instance, Eh-positivc cells are transfused into a Eh-negative recipient, the 
physiologic erythrocyte destruction may be interfered ivith and accelerated by 
the developing anti-Eh agglutinins. Increased blood destruction may, theo- 
retically, therefore, be caused cither by quantitative increase of an already 
e.x!sting physiologic mechanism or by the concurrent presence of qualitatively 
different processes iv-hich condition the pathologic state. 

Lloyd'.” and Dacie and Mollison” were the first who transfused pathologic 
red cells from a patient with hemolytic .memia into normal recipients and also 
exposed normal cells to the apparently abnormal hemolycing activities existing 
in the particular patient. One may call this procedure the method of cross- 
detennination of tlic lifetime of cryfbroryte.s; in tiiis way it may become pas- 
sible to decide whether the cause of a hemolytic disorder has to be sought for 
in a structural defect of a particular type of erythrocyte which is responsible 
for premature disintegration or whether an abnormal hemolyzing activity is 
present. Thus the various tjqjcs of hemolytic syndromes may be quite genex’- 
aliy classified as being caused either by the presence of an extra- or an intra- 
corpnscular abnormality, or by a combination of both. 

■ THE SPLEEN AND HEMOLYSIS 

Splenectomy is probably the most successful procedure in the treatment 
of hemolytie disorders. However, clinical observations demonstrate that ex- 
cessive hemolysis disappears permanently after splenectomy only in familial 
spherooytie jaundice and acquired hemolytic anemia'* but that removal of the 
spleen is without curative effect in the other hemolytie syndromes. Interpre- 
tation of these results of splenectomy is difficult because of scarcity of our 
hnoxvledge of normal splenic function and of the mechanisms involved in the 
various types of hemolytic anemias. It is usually assumed that the spleen 
participates physiologically in erythrocyte disintegration and that in the dis- 
orders in which splenectomy is effective, a hyperfunction of the spleen (hemo- 
lytic hj-persplenism) exists. 

Several years ago a study was undertaken of the hematologic data col- 
lected from patients who had been spicneotomized for various disorders.* 
Patients who had been operated upon for traumatic rupture of the spleen or 
for thrombocytopenic purpura and who had made a complete recovery were 
of particular interest, as in these patients no primary disease of the erythro- 
poietic apparatus had been present prior to the operation. In Table I are con- 
tained the data of eight of these patients. 

In all these patients the quantitative aspects of blood production and deliv- 
er}’ were quite satisfactory. There was no anemia and the reticulocyte counts 
Were either norma! or slightly elevated. Qualitatively, however, erythrocyte 
production was not a normal one. All these patients showed Howell-Jolly 
bodies and target cells (leptocytes), that is, red cells, thinner than normal ones 
and characterized by a decreased fragility to hypotonic saline solutions. Blood 
destruction seemed to be diminished. The hemolytic index was definitely, and 
sometimes considerably, lower than normal in seven of the eight patients. 
This was first interpreted as a confirmation of the hypothesis that the spleen is ' 
engaged in the destruction of normal red cells.' According to the int-,.’ 
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Table T. Hematologic Data of Cases Splenectomized foe Nonhemolytic Conditions 
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COMPLETE 

1 

M 

24 

Traumatic rupture 

9 mo. 

14.9 

96 

4.9 

0.8 

0.4 

9.6 

.40 

.08 

0.68 

55.0 

8.0 


F 

35 

Purpura 

18 mo. 

14.3 

92 

4.9 

1.4 

0.7 

2.7 

.42 

.12 

•0.77 

37.5 

6.5 

3 

F 

50 

Purpura 

3 yr. 

13.4 

86 

4.6 

1.5 

0.5 

0.5 

.42 

.12 

0.33 

61.4 

11.4 

4 

F 

18 

Purpura 

3 yr. 

14.2 

91 

4.6 

0.5 

2.2 

3.4 

.44 

.12 

0.37 

45.8 

6.1 

5 

F 

38 
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8 mo. 

14.7 

95 

4.9 
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0.9 

4.6 

.48 

.08 
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6 

M 
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pendence of the three factors active in maintaining the normal red cell level, 
however, the presence of a quantitatively normal production existing simul- 
taneously with diminished destruction could mean only that the lifetime of the 
erythrocytes in the postsplenectomy state must be prolonged (Fig. 1). 

The question arose whether this interpretation could really be the correct 
one. Was it likely that removal of a normal organ (for instance, after trau- 
matic rupture of the spleen) should lead to the production of erythrocytes 
which were apparently better equipped to cope -with the forces causing dis- 
integration than were normal red cells? In order to solve this problem it was 
decided to determine the life span of I’ed cells before and after splenectomy. 
As clinical material suited for this problem was not readily available, the 
experiments were performed in dogs with renal biliary fistula, using the 
method of Hawkins and Whipple" previously mentioned. These experiments 
are published in detail elsewhere.® As can be seen from Table II, the average 
life cycle before and after splenectomy was practically identical. 


Table H. Avekage Life Cycle of the Erythrocyte Before and After Splenectomy 


DOG 

BEFORE SPLENECTOMY 
(DAYS) 

DOG 

AFTER SPLENECTOMY 
(DAYS) 

1 

115 

4 

no 

2 

108 

5 

96 

3 

117 

6 

109 


Average 113 Average 1^ 


However, the red cells in the postsplenectomy state were not normal, as 
numerous target cells showing increased saline resistance were present. These 
target cells thus have the same lifetime as normal erythrocytes. 

The results of these experiments are of significance to two often discussed 
problems: namely, the role of the spleen in physiologic erythrocyte disintegra- 
tion, and the explanation of the effect of splenectomy, only, in some of the 
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hemolytio disorders.’- Demonstration of the almost identical average life 
cycle before and after splenectomy seems to indicate that “active” partici- 
pation of the spleen in the physiologic breakdown processes of erythrocytes is 
either negligible or absent or can be entirely compensated by estrasplenic ac- 
tivities. Lauda,” in his monograph on the physiology of the spleen, has 
critically reviewed all the evidence in support of splenic hemolysis. Accord- 
ing to this author it is necessary to differentiate between passive and active 
hemolysis of the spleen. There is no doubt that this organ takes part in remov- 
ing the debris of red cells which have already disintegrated in the circulation. 
The spleen functions as the lymph node of the blood. The concept, however, 
that the spleen actively removes or destroys red cells under physiologic con- 
ditions does not withstand rigorous criticism in Lauda’s opinion. 

Red cells arc thought to be destroyed by phagocytosis, fragmentation, and 
erythrolysis. The latter may possibly be enhanced by the fat content of the 
food.” As the hreakdoivn of red ceils continues after splenectomy, it is evi- 
dent that the presumed participation of the spleen in this mechanism can only 
be one feature of the general problem of the means and ways of physiologic 
erythrocyte disintegration. Although erythrophagocytosis has been observed 
in the spleen, many authorities”' ” believe that this mechanism plays hardly 
any important role in the destruction of red ceils, whereas others” are still con- 
vinced of its significance. Knisety” was unable to notice any erythrophagooy- 
tosis in the transiiluminatcd living spleen but observed it in the dying animal 
or after traumatization. Compensatory erj-throphagocytosis in other organs 
belonging to the reticuto-endotheliai system is al.so not demonstrable after 
splenectomy.’” jbiy active influence of the spleen on fragmentation is unknown, 
and whether tissue or blood lysins (lysolccithin) manufactured in the spleen 
are of any real significance has not .vet been elucidated.” There remains only 
the apparent influenee of splenectomy on pigment metabolism as positive proof 
for a physiologic spienic hemolytic function. The demonstration of a low 
hemolytic index after splenectomy may, however, renuire a different explanation. 

The values of the hemolytic index in human beings are not based on the 
determination of bilirubin but on its derivatives. Investigations in the field 
of pyrrol chemistry during the last years have revealed the great complexity 
of the various phases of pigment metabolism. In the diagram on the following 
page are summarized the three main pathwa.vs of hemoglobin disintegration. 

Route I is used when hemoglobin is broken down due to bacterial contami- 
nation. First the globin is removed and hematin formed. According to 
Farley,” hematin is immediately combined with the crystal albumin of the 
plasma to form methemalburain. Whether hematin can be converted in the 
organism into bilirubin is still a moot question.” * After the iron is split off, 
protoporphyrin results. 

The second pathway is probably used in the body for the hreakdoivn of 
hemoglobin leading to bilirubin. Lemberg’"' ®° has demonstrated that hemo- 
globin in the presence of ascorbic acid and molecular oxygen is transformed 
to choleglobin which has an open porphyrin ring. The first globin- and iron- 
free pigment is biliverdin, which, however, is rapidly reduced to bilirubin. 

Whether the third pathway, where the hemoglobin molecule disintegrates 
■nto simple pyrrols or dipyrrols besides iron and globin, has any physiologic 
significance has not yet been demonstrated. This breakdown was aocom- 


errt.. 'fiwently Pass, Schwartz, and Watson (J. Clin. Investfsatton e4: SS3, 19451 found a 
augmentation of fecal pigment after Intravenous administration of hematin in 
tin oeings. This may be interpreted as evidence of formation of bile pigment from hema- 
How’ever, hematin does not seem to be a pl^rslologlc precursor of bliirubln. 
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plishcd in vitro by Haiirowitz and co-workers’* by means of the vitally im- 
portant linoleic and linolenic acids in the presence of oxygen. 

As hemoglobin is, to a very large extent, quantitatively transformed to 
bilirubin, determination of this latter pigment should give a reliable indication 
of the degree of hemoglobin destruction. However, such determinations are 
not feasible in human beings. Quantitative recovery of bile pigment deriva- 
tives is usually employed instead in clinical investigations. Watson’s” excel- 
lent studies have recently demonstrated that the bilirubin derivatives to be 
encountered in feces and urine arc, however, much more numerous than pre- 
viously believed and that at present they can only partly be quantitatively 
determined. The results of such investigations of bilirubin derivatives are, 
therefore, definitely inaccurate. Only if all the bile pigment derivatives stem- 
ming from bilirubin could be quantitatively recovered could a truly exact 
picture of the state of hemoglobin destruction in human beings be obtained. 
It may be suggested that all derivatives of bilirubin found in the excreta be 
called “exobilins.” The exobilins may then be divided further into (1) bile 
pigment derivatives which, at the present time, can be quantitatively deter- 
mined, and (2) into substances, like mesobiliviolin,” copronigrin, and probably 
many others, for which no quantitative methods are yet available. It is obvious 
that this fact must infiuenee the interpretation of the hemolytic index. An 
index higher than normal is almost always indicative of an increase of blood 
destruction; an index lower than normal, however, may be due (1) to dimin- 
ished bilirubin formation, (2) to a sparing action of the body, or (3) to a 
change in the ratio normally existing between the quantitatively determinable 
and nondeterminable exobilins in favor of the latter.’ It is hypothesized that 
the lower hemolytic index found after splenectomy may be explained in such 
a fashion, although no actual evidence for this assumption is available at 
present. In dogs with renal biliary fistula the bilirubin excretion is not sig- 
nificantly altered by splenectomy.' 

The possibility that the lifetime of the erythrocyte before and after 
splenectomy may be identical in dogs only, but not in human beings, does not 
seem very likely, as the hematologic changes occurring after splenectomy are 
identical in both species. Further combined studies of the survival time of 
transfused erythrocytes and the pigment metabolism in splenectomized human 
beings are necessary to elucidate this problem. 

Considering the lack of any positive evidence that under physiologic con- 
ditions the spleen participates in erythrocyte disintegration and assuming that 
in man as well as in dogs the average life span of the erythrocyte after 
splenectomy is normal, the hypothesis may be advanced that physiologically 
splenic hemolysis is absent or insignificant. There can be, however, no doubt 
that under pathological conditions splenic hemolysis does exist. It is selec- 
live, conditioned by abnormal properties of the red cells which circulate 
through the organ.' 

In familial hemolytic jaundice abnormal erythrocytes (spherocytes) are 
present which continue to exist after splenectomy. The increased saline 
fragility of these red cells may stay unaltered or become slightly diminished 
efter removal of the spleen but it still remains within pathologic range.” In 
spite of the continuous presence of abnormally shaped cells, excessive hemoly- 
sjs ceases abruptly after splenectomy and pigment metabolism becomes en- 
tirely normal. The most astonishing feature in this return to normal, often 
not sufficiently appreciated, is the fact that the extrasplenic “hemolyzing ac- 
tivities” of the body treat the spherocytes in a normal manner. Continuation 
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of abnoi’tnal hemolysis after splenectomy is extremely rare and always accom- 
panied by other atypical features. The spherocytes in familial hemolytic 
jaundice are, therefore, able to fulfill their function as hemoglobin carriers in 
the absence of the spleen. Increased function of the spleen, hemolytic hyper- 
splenism, was supposed to explain this phenomenon. Recently, however, cross- 
determinations of the lifetime of the erythrocytes have rendered this explana- 
tion untenable. Lloyd^® and Daeie and Mollison^’^ demonstrated that sphero- 
cytes transfused into normal recipients were rapidly destroyed, whereas nor- 
mal cells transfused into patients •with familial hemolytic anemia survived 
normally. These experiments show that the normal spleen destroys the ab- 
normal cells selectively^ and that the supposedly pathologic spleen does not 
attack the normal cells in an abnormal way. No hemolytic “hypersplenism” 
is, therefore, demonstrable in familial hemolytic jaundice. Some abnormality 
residing inside the red eells'seems to be responsible for their disintegration in 
or through the spleen. 

Not only spherocytes, however, but other abnormal cells as well may be 
eligible for splenic hemolysis. 

Before the discovery of liver treatment, splenectomy was recommended 
in pernicious anemia. It had no curative effect but was often followed by a 
transient improvement of the anemia. Eppinger^^ investigated the bile pig- 
ment metabolism before and after splenectomy in his patients with pernicious 
anemia and found a marked diminution, of the urobilinogen output after re- 
moval of the spleen simultaneously occurring with the improvement of the 
anemia. "Whether these findings are reaUy indicative of splenic hemolysis of 
the megalocytes requires further studies. That the circulating erythrocytes 
in pernicious anemia have undoubtedly a much shorter lifetime than normal 
cells was demonstrated by Mora'witz.®^ He transfused normal erythrocytes 
into a nonsplenectomized case of pernicious anemia to such an extent that the 
majority of the red cells in the patient’s circulation belonged' to the donor's 
group. As the anemia improved for a longer period of time, but no change in 
the pigment otitput became noticeable, it is evident that the transfused normal 
erythrocyrtes sur-vived much longer than the pathologic megalocytes. 

In acquired hemolytic anemia the red cells may or may not be spherocytic 
and may or may not be more fragile to hypotonic saline than normal ones.'® 
Splenectomy often cures these syndromes and if spherocytes are present, they 
may disappear permanently after removal of the spleen in contradistinction 
to familial hemolytic jaundice.^® Prom the standpoint of our hypothesis, these 
“splenogenic spherocytes” must first undergo their change in shape in order 
to become liable for splenic destruction. 

In sickle-ceU anemia, in the Mediterranean sjmdromes, and in nocturnal 
hemoglobinuria, the erythrocytes are also definitely pathologic,®® but the cor- 
puscular abnormality making them eligible for splenic hemolysis appears to be 
lacking as can be deduced from the absence of any effect of this operation in 
these conditions. Only by a better understanding of the nature of the red 
cell abnormalities which induce splenic hemolysis will this problem be further 
clarified. 

defects in the structure of the red celu as causes of hemolytic anemu 
THE differential FRAGILITY TEST 

We are accustomed to considering the physiologic destruction of erythro- 
cytes as being caused by some “actmties” of the body. Be that as it may (and 
as already pointed out, very little is knoivh about it), the determinations of 
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the lifetime of the red cells have clearly demonstrated that erythrocyte dis- 
integration also depends on their age. The linear type of decay of transfused 
cells in man, as noticed by Callender, Powell, and AVitts,''’,and the mass dis- 
integration after from 100 to 120 days of red cells launched for the regenera- 
tion of an anemia in animals’*® arc sufficient evidence to support such a state- 
ment. Aging of the cell means physicochemical changes in its structure or 
stroma and apparently if these alterations progress far enough the cells break 
up. Under pathologic conditions mechanisms may be at work which produce 
either structural abnormalities in primarily intact cells or red cells which may 
from the beginning of their life be characterized by certain defects. Such 
alterations may then lessen their resistance to the vicissitudes of life in the 
circulation, thus shortening the life span and, therefore, increase the rate of 
hemolysis. In Table III a classification of the hemolytic syndromes is at- 
tempted, based on our present knowledge as to whether extra- or intracor- 
puscular abnormalities are responsible for the premature disintegration of the 
cells. 

Table III, Classificatiox op HEiioLYXic Syndromes PREDOiriNANiLY Due to Extra- 

'CORPUSCULAT, AHNORMALmES, IkTRACORPUSCULAR ABNORMALITIES, AND 

Uniojown Mechanisms 

A. Extracorpuscular Abnormalities 

1. Protozoal and bacterial disease: malaria, bartonella, infections with Bacillus 
welchii, Streptococcus hcmolyticus and viridans, etc. 

2. Chemical agents: phenylhydrazinc, nrseniureted hydtogen, sulfa drugs, lead, snake 
venoms, etc. 

3. Favism 

4. Immuno bodies (agglutinins and hemoly*6ins) : transfusion accidents, hemoly* 
sinic anemias, paroxysmal cold hemoglobinuria, hemolytic anemia of the newborn 
(erythroblastosis fetalis) 

5. BlacUwater fever 

C. Physical agents: heat, severe bums 

B. Intracorpuscular Abnormalities 

1. Familial spherocytic hemolytic jaundice 

2. Sickle cell anemia 

3. Cooley’s anemia and the related Mediterranean syndromes 

4. Marchiafava-Micheli syndrome: paroxysmal nocturnal hemoglobinuria 

5. Pernicious anemia 

6. ' Certain cases of acquired hemolytic anemia responding to splenectomy? 

C. Unknown Mechanisms 

1. Certain acquired hemolytic anemias of unknown etiology not responding to 
splenectomy 

2. Symptomatic hemolytic anemia occurring in neoplasms, leucemias, Hodgkin’s 

. disease, etc. 


The common denominator in almost all the conditions classified in Table III 
as caused by extracorpuscular anomalies is the fact that a great variety of sub- 
stances of different types can actively injure the red cells. Such an injury 
(1) may lead to the immediate dissolution of the erythrocytes in the blood 
stream (hemoglobinemia) or in the organs belonging to the reticulo-endothelial 
system or (2) it may manifest itself in changes which predispose the red .cells 
lo premature disintegration. Aside from the characteristic alterations of 
the erythrocytes brought about by the malaria plasmodia, certain poisons, for 
mstance, phenylhydrazine, produce the so-called Heinz bodies, highly, refrac- 
tile crystallike aggregates which frequently protrude from the side of the 
cell.^ Immune bodies or poisons may also produce spherocytosis with a con- 
comitant increase in saline fragility. Dameshek and Schwartz^’ demonstrated 
experimentally that spherocytosis develops after injection of anti-red cell 
sera into animals. Normally the red cell is a biconcave disk. This shape 
flakes it necessary to consider the cell as being in a state of permanent strain 
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(Ponder^®). When this strain is released, the cell assumes spherical form as 
the result of the action of surface tension. What physicochemical changes 
inside the cell cause this release is unknown. It is obvious, however, that 
globular shape may often be a consequence of some preceding injury -to the 
erythrocyte. Although spherocytosis is sometimes reversible,^® usually it has 
to be considered as a forerunner of hemolysis,^® possibly in relation to the 
degree of damage to the cell. 

Often classification of a hemolytic syndrome will depend on the result of 
the cross-determination of the lifetime of the erythrocytes. lii patients ivith 
blackwater fever transfused normal red cells are as rapidly destroyed as the 
patient’s own cells, a convincing proof for the existence of an extracorpuseu- 
lar mechanism responsible for the pathologic hemolysis.^^ The nature of this 
hemolysin is unlmown. In severe burns destruction of a considerable volume 
of erythrocytes may result directly from the heating of blood at the site of 
the bum. Damage of the red cells manifests itself in fragmentation, budding, 
and spherocytosis.?^ 

In the disorders of Group B, the cause of the hemolytic disease is intra- 
corpuscular without any evidence for the presence of an abnormal injurious 
agent causing the anomaly. However, some of the abnormalities residing in 
the red cells have the peculiarity of rendering a particular type of erythrocytes 
vulnerable to specific physiologic conditions which ha\'e no deleterious effect 
on normal erythrocsdes. Ham and Dingle®® demonstrated that the red ceil , 
in paroxysmal nocturnal hemoglobinuria is attacked by a serum factor indis- 
tinguishable from serum complement. The spheroc3d.e in familial hemolytic • 
jaundice is eligible for hemolysis in or through the spleen which organ does 
not alter the lifetime of normal cells. The sickling phenomenon of the red 
cells in sickle-cell disease depends on the CO2 tension in their environment, a 
mechanism which is probably of great importance for the clinical manifesta- 
tions of this disorder.®® 

It is of great interest that in this group the hereditary hemolytic syn- 
dromes can be found. As Haden®® has emphasized, sickle-cell anemia and 
Mediterranean anemia are diseases in which there is evidently present an in- 
herited defect in quality of the stroma, so that the cells disintegrate prema- 
turely. The mechanisms which produce these defects are unknown. 

The megalocyte in pernicious anemia is a red cell which is also abnormal 
in structure ; the cause of this anomaly is now recognized : it is the absence of 
the antip.ernicious principle during the development of the cells in the bone 
marrow. The lifetime of the pernicious anemia erythrocyte is considerably 
shorter than that of normal cells®®; therefore, this disorder should also be 
classified as a hemolytic anemia. 

Only a few years ago spherocytosis was considered to be pathognomonic 
of congenital hemolytic jaundice. This view had to be abandoned when it was 
shown that spheroeytes could be produced experimentally.®® Based on these 
experiments, the hypothesis was advanced that spherocytosis in the hereditary 
disease may be due to the action of a “hemolysin” or metabolite on normal 
erythrocytes.®® This theory, however, cannot be reconciled with the fact that 
normal cells, transfused into patients with hereditary spherocytic jaundice, 
have a normal longevity. 

The alteration which is present in the spherocytic cells in familial hemo- 
lytic jaundice only interferes with theif lifetime in the presence of the spleen. 
The globular shape of the erythrocytes was considered to be the cause of their 
destruction in the spleen. 'Whipple*® believes that normal discoidal cells have 
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no difficulty iu traversing this organ, whereas splieroc3i,cs, being thicker,- arc 
unable to pass through the stomas of the splenic sinuses. Ilowever, clinical 
experience shows that nonsphcroeytic cells maj’ sometimes also be liemoly^ed 
in the spleen. Ham and Castle^® regard intravascular stasis as the immediate 
mechanism of splenic hemolysis, resulting in increased blood destruction in 
hemolytic anemias characterized by increased saline fragility of the red cells; 
they demonstrated that the saline fragility of the erj'throcytes in the spleen in- 
creased in their experimental animals when prolonged stasis was induced by 
nembutal anesthesia. As Dacic^- points out, this hypothesis is also difficult to 
reconcile with the observation that the grcatlj' engorged spleen* in spherocytic 
jaundice destroys spherocytes selectively. Furthermore, increased blood destruc- 
tion should be dcmonstralilo in all disorders with enlargement and engorgement 
of the spleen, whicli, however, is not borne out by clinical observations. 

Haden*® has admirably correlated the changes in shape of the erythrocytes 
with the changes in hypotonic fragility. Normal erj'throcytes, when placed in 
hypotonic salt solutions, become pi'ogrcssively more globular due to the en- 
trance of water into the cell until the cell ruptures. Spherocytes, being globu- 
lar to begin with, already have one of the shapes through which normal cells 
must pass and, therefore, they arc nearer to the “hemolysis point.” While 
there is usually a striking parallelism between resistance of the cell to osmotic 
hemolysis and the degree of spherocytosis, thei'c arc exceptions to this rule as 
Haden himself emphasized.^^ Occasionally one may come across spherocytosis 
with normal fragUity^"* which may be due to increased resistance of the cell 
envelope, or one may sec little spheroidicity with greatly increased fragility.^’ 
The physicochemical factors which influence the strength of the cell membrane 
or the resistance of the stroma to release the strain inside the cell are un- 
kno^vn. However, such deviations from the rule again demonstrate that in- 
creased spheroidicity may often be only one of the manifestations of more 
general cell defects; the latter probably are of much greater pathogenic sig- 
nificance. 

' That changes in shape and fragility do not necessarily indicate a change 
in the lifetime expectancy may also be seen from the presence of target cells 
(leptocytes) with increased saline resistance and a normal lifetime in the 
postsplenectomy state,® Target cells with increased saline resistance are also 
found in sicklc*cell anemia and Cooley’s anemia, disorders in which the red 
cells disintegrate much faster than normally. Kecent studies of the members 
of families in which Cooley’s anemia occurred have demonstrated that clinical 
pictures exist in which numerous target cells are present but without tho signs 
of an increased rate of hemolysis. Transitions may be found to the fully 
developed, severely hemolytic IMediterranean anemias.*^* In these various 
Mediterranean sj'ndromes, therefore, the leptocytes sliow a variable tendency 
to disintegration, which is not directly related to the shape and fragility of 
the cells. It is believed that the degree of the existing structural defect of 
these cells conditions their longevity in the circulation.®* 

Anomalies of red cells may also manifest themselves in a pathologic re- 
sistance to agents other than hypotonic, saline solutions. Such studies have 
been performed with lysolecithin, saponin, and acids, and characteristic reac- 
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tions Jiave been obtained. In .Table'IV are slio'vvn tbe results of such investi- 
gations. These substances may be employed systematically as, a diagnostic 
procedure, thus constituting a “differential fragility test’’^® which is based 
on the concept that pathologic cells, when injured by different substances, 
react differently. , ' 


Table IV. Difpekential rRAGiLiiY Tests 


SUBSTANCE 

pixvmas 

Hypotonic saline 
solutions 

■ 

Increased in conditions with spherocytosis, such as: 

Hereditary and acquired hemolytic jaundice 

Leucoerythroblastic anemia 

Decreased in conditions rvith leptooytosis (target cells) such as; 

Sickle-cell anemia 

Mediterranean sjmdromes 

Postspleneotomy state 

Severe liver disease 

Hemorrhage 

Lysolecitliin 

(Singer^®. 

Same as with hypotonic saline. Exceptions : blackwater fever^® — ^in- 
creased lysolecithin fragility but normal saline fragility 

Acquired liemolytic anemia — normal lysolecithin fragility but in- 
creased saline fragility 

Saponin 

(Erlsbaclier and 
Kindermannso) 

Increased in pernicious anemia • 

Dilute hydro- 
cliloric acid 
(Hamsi) 

Increased in Marchiafava-Micheli syndrome 


Recently Hegglin and Maier®® demonstrated a diminished “heat resist: 
anee” of the erythrocytes in the Marchiafava-Micheli syndrome. "When blood 
is placed in an incubator at 37° C. for six hours, gross hemolysis of the clotted 
blood is considered specific evidence for the presence of this disorder. Ac- , 
cording to i\Iinot and Castle,®® tliis test does not depend on the heat resistance 
of the erythrocytes ; it is caused by the accelerated acid production at the in- 
creased temperature of the incubator. Addition of alkali to the blood inhibits 
the effect of incubation. Doubtless other' substances may be found and used 
in the future for the performance of the differential fragility test. 

Mechanical fragilitj" has also been studied and it was found that patho- 
logic cells break up more easily than do normal ones when exposed to mechani- 
cal injury. All these findings again demonstrate that structural alterations of 
the red cells may also be detected by physicochemical methods. 

As 'can be seen from these discussions, the many factors which may cause ^ 
pathologic hemolysis seem always to be qualitatively different from those 
responsible for the physiologic disintegration of the red cells. The useful 
concept applied in other fields of medicine to explain pathologic phenomena 
as quantitative deviations from the normal, does not seem to be expedient in 
the hemolytic syndromes. However, if aging of the ceil means physicochemical 
changes in the structure of the erythrocyte, then physiologic and pathologic 
disintegration could, be correlated in the future when a better knowledge of 
the various characteristics of cell alterations may be available. 

, , , SUMMARY 

There are three interdependent factors active in maintaining the normal 
red cell count; erythrocyte production, disintegration, and the life span of 
the red cell in the circulation. Shortening of the lifetime may be due to 
endogenous factors (i.e., faulty structure of the erythrocyte, abnormal hemo- 
lyzing activities), or may be caused by removal of erythrocytes from the circu- 
lation (hemorrhage). ' • 
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"With different methods, the true average lifetime was found' to be from 
100 to 120 days in dogs, monkeys, and man. Under strictly physiologic eon- 
difiohs, the disappearance of the red cells depends on their age. If pathologic 
mechanisms are at work, they concur with the physiologic processes and de- 
stroy the erythrocytes at random, irrespective of their age. The method of 
cross-determination of tlie lifetime of the erj'throcytes (i.e., the survival .time 
of normal cells in a patient with a hematologic disorder and of this patient’s 
erythrocytes in a normal individual) demonstrates whether the cause of a dis- 
order is due to an extra- or an intracorpuscular abnormality. 

The lifetime of the red cells before and after splenectomy in dogs was 
found to bo practically identical. After splenectomy the red cell population 
contained numerous target cells with increased resistance to hypotonic saline 
solutions; the longevity of these abnormally shaped cells is not prolonged. 

Participation of the spleen in physiologic blood destruction seems to be. 
absent or negligible. In certain hemolytic anemias (familial spherocytic jaun- 
dice, acquired hemolytic anemia) splenic hemolysis is present; it is selective, 
conditioned by abnormal properties of the erythrocytes which circulate 
through the organ. No evidence is available for the existence of a primary 
hemolytic “hj-persplenism." The diminution of the pigment excretion ob- 
served after splenectomy in human beings is not indicative of a decrease of 
blood destruction. 

The hemolytic syndromes may be classified in two main groups: (1) 
disorders due to a variety of substances wliich, by acting on the red cells, 
injure their structure, and (2) diseases in which there are various and eharae- 
teristio structural defects present in the red cells at the start of their life. The 
physicochemical changes responsible for the different structural alterations are 
unknown. Defective cells usually, but not always, have a shortened life span. 
Some defects make cells vulnerable to physiologic mechanisms. 

Structural defects manifest themselves morphologically by changes in 
size, shape, and volume of the red cells, or functionally in such a way that 
pathologic cells, when injured by different substances, react differently (dif- 
ferential fragility) . The many factors which cause pathologic hemolysis seem 
always to be qualitatively different from those responsible for the physiologic 
disintegration of the erythrocytes. However, if aging of the cell means 
physicochemical change in its structure, then physiologic and pathologic dis- 
integration could be correlated in the future when a better knowledge of the 
characteristics of the various cell alterations may become available. 
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SIMPU! QUANTITATIVE TIST POR PENTCIEUN SCNSIMVITV OF BAGTEBIA SOI 


A penlcUUn-imprcgnated disk 15 mm. in diameter is then placed on the 
surface of the cultxire medium m-er the central circle. In the Chemosurgerp 
Clinic penicillin ointmeiit-impregnatetl gauze is kept on hand for the local treat- 
ment o£ infections as dcsorihed elsetvhcrc,* and it is convenient to use this ma- 
terial for the disk. This penjeillin gauze is impregnated with a standard amount 
of an ointment containing 500 Oxfowl units per gram so the penicillin content 
of the disk is essentially constant. If the penicillin gauze is not available it ia 
just as satisfactory to place a 15 min. disk of filter paper on the culture plate 
and to drop upon it from a No. 20 hypodermic needle one di’op of a solution 
containing 5,000 units per ruhie centimeter. 
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The culture plate is then placed in an incubator at 37“ C. Usually the cul- 
tiires are incubated overnight and the zone of inhibition is measured the next 
day. However, if a reading is wanted sooner, there is usually enough growth by 
hours for a fairly accurate determination of sensitivity. 

The distance behveen the edge of the central circle and the uninhibited 
portion of the streak is measured with calipers. Taking the inhibition distance 
®:hibited by the control organisnts as 100 per cent, the relative sensitivities of 
Jhe test organisms are expressed in per cent. Thus, if the control organism is 
“hihited for 13 mm. and the test organism is also inhibited for 13 mm., the 
sensitivity of the latter is 100 per cent. However, if the test organism is in- 



LABORATORY METHODS 


A SIJIPLE QUANTITATIVE TEST FOE THE PENICILLIN SENSITIVITY 
OP BACTERIA: THE “RADIAL STREAK” METHOD 

Frederic E. Mohs, M.D. 

Madison, "Wis. 


W HEN penicillin, therapy of an infected lesion is contemplated, it is im- 
portant to determine, as soon as possible, whether or not the causative or- 
ganisms are sensitive to the drug. If they are sensitive it is also advantageous 
to know the degree of sensitivity. A number of sensitivity, tests have been de- 
vised, some of which are fairly simple.^’ ^ An even more simple quantitative test 
and one having several other advantages is provided by the “radial streak” 
method described herewith. This test is based on the original observations of 
Fleming® which indicated that penicillin diffuses through agar, preventing the 
growth of sensitive organisms for a distance proportional to the susceptibility 
of the organisms to the drug. In fact, the radial streak test is simply a modifica- 
tion of methods devised by Fleming. 

r- 

MATERIALS AND METHODS 


The only material required for the test is a 5 per cent blood agar plate, a 
disk of penicillin-impregnated gauze or filter paper, and a culture of Staphylo- 
coccus aureus of knorni sensitivity to penicillin. On the bottom of the Petri 
plate is draum a central circle 15 mm. in diameter with radial lines extending 
to the edge of the plate, dividing it into six sectors. A stencil to guide the wax 
pencil used in marking is convenient. 

Material directly from lesions or from cultures of the causative organisms 
are streaked on the blood agar by means of small cotton-tipped applicators. Two 
or three streaks extending from the edge of the central circle to the edge of the 
plate are made, keeping well within one sector (Fig. 1). An attempt should be 
made to use approximately the same amount of infected material for all of the 
streaks because the number of organisms has a slight effect on the degree of in- 
hibition. It is sometimes impossible to judge accurately the number of or- 
ganisms in the test material, especially when pus directly from a lesion is bemg 
tested. Under these circumstances, varying quantities of the material are used 
in the two or three strealis made in one sector. If, despite these precautions, 
the seeding is either too heavy or too light, it is desirable to repeat the test so 
that a more accurate reading may be obtained. AVhen twenty-four hour cultures 
of the test organisms are used, this source of inaccuracy is minimal. 

In a busy clinic a number of sensitivity tests are usually desired each day 
so the plate is returned to the refrigerator after each streaking until five sectors 
have been inoculated. For a control the sixth sector is streaked -with a twenty- 
four-hour broth culture of Staph, aureus culture of known sensitivity to 


penicillin.* 

This project "was Bupported In part by the Thomas E. BrItUngharo Fund and by the Wia 
consin Alumni Research Foundation. ^remorial 

From -the Chemosurg-ery Clinic, Wisconsin General Hospital, and the McArdle Mem n 
Laboratory. University of Wisconsin Medical School. 
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OISTILLIXG APPARATUS FOE CUXICAL LABOR.VTORIES 


0. H. Gaebler. Pn.D, JI.D, 

Detroit, llicn. 

D ISTIULIXG Rjiiwraliis of llie all-glass tj-pe is essential in many proce- 
durts and more coaTeaient than ordinary distilling apparatus in otlier 
procedures. ^Vniong instances that may be cited are preparation of eoastaat 
boiling hydrocWoric acid for standards, purification of hydrocldoric .and nitric 
acids for determination of lead and other metals, preparation of conductivity 
wjter or water free of met.ils, purification of alcohol and other organic solvents 
for use in lipid determinations, reeoverj- of organic solvents, and determinations 
of alcohol or iodine in blood. The outfits described in this p.Tper iiave lieen so 
designed as to minimize the .amount of desk space required, to eiiniinate waste 
of time spent in ascmbling. .and to reduce tise cost of replacing broken parts. 
In constructing them. st.and.ard Pyres parts listed in the catalogs of the firms 
supplying laboratoiy glassware have been used. The catalog names of parts are 
used in the foUmving description. 

.lix-cmiss M'P.XKXTVS 

A one-picec outfit is shown in Fig. 1. The flask, which may be of any 
sire from 500 to 3,000 e-c., is made from an ordinary Pyrmc distilling flask by 
altering the neck and side arm. Distilling flasks with tliese parts broken can be 
nsed. A tube with outside diameter of 30 mm. is scaled into the neek and ends 
trom 2 to 3 nun. above the bottom of the flask. The thrcc-w.ay stopcock htis side 
arms with an outside diameter of 10 mm., and the bore of the plug is d mm. The 
unattached side arm is cut ofi' 3.5 cm. from the shell of the sfopeoek and eitcads 
back at right angles to a pl.me raising through the .ases of flask and condenser. 
The flanged cylindrical fimnel is made from a test tnbe or from tubing. It is 
fetxa 9 to 10 cm, long and has .m outside dhuneter of 32 mm. The trap is a 
Kjeldahl connecting huih of the Iowa Stale tj-pe, selected because of its 
sturdiness, efficiency, .and low cost. Tubing attached to it should he of similar 
strength. The condenser is of the West improved type, and the inner tube mar 
be either plain, as shown, or of the indented tjTic. The dimensions given in 
Rg - 1 are for the 500 c.c. outfit. In the S liter outfit the height from the bottom 
ef the flask to the fop of the funnel is 5T ein- the delivery tip is 6 cm. below 
tbe level of the bottom of (he flask, the distance between the neck of the flask and 
dte condenser is 15 cm. instead of 12.5 cm., and the condenser has a 500 mm. 
jaefcet. 

All sires of this outfit up to 3 litcis are satisfaetorily suI^po^■ted by .a single 
^arge eastaloy extension elamp. The flask may be filled through the fuuuei, or 
uater to be distiUed may be siphoned in through the side arm of the stopcock. 
This side arm also serves for applyiim suction to empty the flask or to clean the 
eoadenser and flask by reverse washing. Insoluble residues can be removed 
by admitting hot chromic-sulfuric acid mixture through the funnel. The mix- 
bare is subsequently diluted and removed by suction. The outfit etm be filled. 
®®ptied, and cleaned without removing it from the stand. Besides the pur- 
poses already mentioned, the tube withta the flask serves to prevent bumping. 

tie nepartaiat ct Laijorttorte*. Beaty FetC Haspital. 
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hibited for 6 mm., its sensitivity is 46 per cent (6 - 4 - 13 x 100), while if it is in- 
hibited for 21 nun., its sensitivity is 154 per cent (21 13 x 100) . , 

DISCUSSION 

Besides giving a quantitative determination of penicillin sensitivity, the 
radial streak culture also facilitates the identification of the causative organisms. 
Some bacteria produce characteristic colonies as, for example. Staph, aureus, 
yellow colony with or without hemolysis; Bacillus pyocyaneus, blue-green 
colony; Streptococcus liemolyticus, small grayish colony with variable degrees 
of hemolysis; and Streptococcus viridans, green color around colonies. In 
mixed infections various types of colonies may be selected for further studies 
by smears and cultures. Differing penicillin sensitivities as shown by Fleming^ 
often aid in the separation and identification of the pathogens; for example, a 
penicillin-resistant organism which would ordinarily be overgrovm by a pre- 
dominating penicillin-sensitive organism will be found in the zone near the 
penicillin. 

Besides being useful in connection with the various surgical specialties, 
the radial streak test may well have uses in dermatology, medical and pediatric 
clinics, and even in general practice. The plates may be carried in the phy- 
sician’s bag and inoculated in the patient’s home; if smears and further cultures 
are desired they may be taken from the plate after incubation. 

Other advantages of the radial streak test may be mentioned. The economy 
of time and material occasioned by the use of one plate for five lesions is worth 
while. The simultaneous inoculation of a control culture of known sensitivity 
gives reliable determinations without dependence upon standard penicillin solu- 
tions which may deteriorate. The exact amount of penicillin in the central 
disk is less important than in most sensitivity tests because the sensitivities 
of the unlniown organisms are expressed in relation to the sensitivity of the , 
control culture. The facility wdtli which inoculation can be made of material 
directly from infected lesions permits the determination of sensitivity with 
minimal delay. 

CONCLUSION 

Testing for the penicillin sensitivity of bacteria is facilitated by the “radial 
strealr’’ method. The only material needed is a blood agar plate, a penicillin- 
impregnated disk of gauze or filter paper, and a culture of Staph, aureus of 
known sensitivity. 

The author wishes to express his appreciation to Prof. Paul F. Clark, of the Uepartmenf 
of Bacteriology, for helpful advice. 
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D istilling apparatus of the all-glass type is essential in many proee- 
durcs and more convenient tlian ordinarj' distilling apparatus in other 
procedures. Among instances that may be cited arc preparation of constant 
boiling hydrochloric acid for standards, purification of hydrochloric and nitric 
acids for determination of lead and other metals, preparation of conductivity 
water or water free of metals, purification of alcohol and other organic solvents 
for' use in lipid determinations, recover}' of organic solvents, and determinations 
of alcohol or iodine in blood. The outfits described in this paper have been .so 
designed as to minimize tiie amount of desk space required, to eliminate tvaste 
of time spent in assembling, and to reduce the cost of replacing broken parts. 
In constraeting them, standard Pyrex parts listed in the catalogs of the firm.s 
supplying laboratory glassware have been used. The catalog names of parts arc 
used in the following description. 

ALL-GL.ASS APPARATUS 

A one-piece outfit is shown in Fig. 1. The flask, which may be of any 
site from 500 to 3,000 c.e,, is made from an ordinary Pyrex distilling flask by 
altering the neck and side arm. Distilling flasks with these parts broken can be 
used. A tube with outside diameter of 10 mm. is sealed into the neck and ends 
from 2 to 3 mm. above the bottom of the flask. The three-way stopcock has side 
arms with an outside diameter of 10 mm., and the bore of the plug is 4 mm. The 
unattached side arm is cut off 3.5 cm. from the shell of the stopcock and extends 
back at right angles to a plane passsing through the axes of flask and condenser. 
The flanged cylindrical funnel is made from a test tube or from tubing. It is 
from 9 to 10 cm. long and has an outside diameter of 32 mm. The trap is a 
Kjeldahl connecting bulb of the Iowa State type, selected because of its 
sturdiness, efficiency, and low cost. Tubing attached to it should be of similar 
strength. The condenser is of the West improved type, and the inner tube may 
be either plain, as shown, or of the indented type. The dimensions given in 
Pig.! are for the 500 c.e. outfit. In the 3 liter outfit the height from the bottom 
of the flask to the top of the funnel is 57 era., the delivery tip is 6 cm. below 
the level of the bottom of the flask, the distance between the neck of the flask and 
the condenser is 15 cm. instead of 12.5 cm., and the condenser has a 500 mm. 
jacket. 

All sizes of this outfit up to 3 liters arc satisfactorily supported by a single 
'urge castaloy extension clamp. The flask may be filled through the funnel, or 
Water to be distilled may be siphoned in through the side arm of the stopcock. 
This side arm also serves for applying suction to empty the flask or to clean the 
condenser and flask by reverse washing. Insoluble residues can be removed 
by admitting hot chromie-sulfurie acid mixture through the funnel. The mix- 
fwe is subsequently diluted and removed by suction. The outfit can be filled, 
emptied, and cleaned without removing it from the stand. Besides the j. 
poses a lready mentioned, the tube within the flask serves to prevent bum; 

From the department of Laboratories, Henry Ford, Hospital. 

Rewived for publication. May 22, 1945. 
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since it becomes a boiling tube when the upper end is closed by the proper turn 
of the stopcock. The principle of preventing spray from passing, over by means 
of two inclined tubes and an intervening trap is the same as in the apparatus 
.designed by Yoe. 

The 3 liter size has been routinely used for over five years in preparation of 
conductivity water and constant boiling hydrochloric acid, or for purification 
of acids. By redistilling ordinary distilled water alone or after addition of 
alkali and permanganate, water with conductivity of i x 10'® is regularly ob- 
tained if the first fourth of the distillate is discarded. The 500 c.c. size has been 
used in determination of alcohol or iodine in blood. In the latter determination 
a trace of chromium is canned over, since the concentration of chromic salt in the 




flask is very great. Interference of chromate in the final titration of iodate can, 
however, be prevented.* Vertical outfits like those shown in Figs. 1 and 2 occupy 
only a twelve- to fifteen-inch sguare of desk space. The disadvantage that the 
outlet of the condenser is near the flame is easily overcome by using a burner 
ghield, or, in the ease of inflammable liquids, an adapter which will convey the 
condensed liquid to a receiver’ on the floor. The adapter is connected to the 
condenser with a one-hole stopper with which the distillate does not come in 


contact. ' 

In designing the two-piece outfit shown in Pig. 2, advantage was taken ot 
the fact that Pyrex round-bottom and flat-bottom flasks of all capacities from 
1 to 3 liters are regularly supplied ■with the same size of standard taper jomt. 


^aeWer, O, H.. anU Baty, M.: DfecUon and Titration of Chromate In Blood Iodine 

aermtoationi Indust Engln. & Chem. (Anat Ed.) IS. 442. 1941. 
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Of the 1 liter size, the type with a long neck should be used. The other part 
shown in Fig. 2 is made from the inner cone of a 29/42 standard taper joint, a 
Kjeldahl connecting bulb, and a West improved type condenser. The inlet 
and outlet of the condenser c-xtend back at right angles from the plane of 
the apparatus. As shown in Fig. 2, the inner cone of the standard taper 
joint has been sealed oif at tlie upper end. A dropping funnel or other equip- 
ment can readily he sealed in at this point if desired. 

Kofcrence to catalogs will show that the standard flasks used in the present 
outfit cost only a fourth as much as special flaslis. The cost of all parts indicates 
that the apparatus shown in Pig. 2, with three flasks of different sizes, should be 
less expensive than another outfit which has only one flask and no trap. 

MICBO-KJELDABL DISmUNO APPAKATUS 

For class use, an ine-spensive type of apparatus which will not suck back 
when the flame blows about is required. The design shown in Pig. 3 meets these 
requirements. When the amotint of nitrogen is between 1.0 and 5.0 mg., residts 
are so precise that the expensive forms of apparatus advertised for this simple 
procedure seem unjustified. 



-The flask is a 250 c.e. Pyrex boiling flask. A No. 4 pure gum amber, or other 
alkali-resisting type of stopper, must be used. The jKjeldahl connecting bulb 
has been altered by bending the upper tube to the indicated angle and sealing 
on a piece of 10 mm. tubing. The latter is bent downward to connect with a 
condenser through a piece of rubber tubing not shoivn in Pig. 3. The capacity 
of the inner tube of the condenser exceeds the usual volume of aeid or distillate 
present above the delivery tip ; hence the solution in the receiver can not suck 
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, back. The 4 cm. tip attached to the upper end of the inner tube of the con- 
denser is thickened at its free end to increase its strength and is constricted 
slightly to facilitate slipping the rubber tubing on and off. ■ 

The stopper, and that part of the neck of the flask which it enters should 
be free of alkali and water when the connection is made. The flask is best 
heated directlj^, for if a screen is used .the heat passing around it converges up- 
on the stopper and soon ruins it. Distillation’ is stopped by grasping the cold 
- water jacket of the condenser with one hand and working off the rubber con- 
nection from the upper end of the condenser -with the other. 

SUMMABY 

Distilling apparatus is described which is suitable for the following pur- 
poses : preparation of conductivity water,, of constant boiling hydrochloric acid, 
arid of water and acids free of lead and other metals, purification or recovery 
of organic solvents, determination of blood alcohol or blood iodine, and micro- 
Kjeldahl distillations. 



BOOK REVIEWS 


The Bacterial Cell in Its Relation to Problems of Virulence, Immunity and Oherao- 
tberapy. IIar%’ard XTnjvcrsitr ifonograph in Medicine and Public Health No. 
6. By JRene J. Duhos, recent Professor of Comparative Pathology and Tropical 
Medicine, Harvard Schools of Medicine and Public Health, and present member 
of tho Rockefeller Institute. Harvard Unit’crsity Press, Cambridge, Mass. Price 
$5.00. Cloth, with 4GQ pages. 

This excellent volume may well prove to be an important catalyst for stimulating the 
further development of bacleriologj' as a biologic science in its own right, as distinguished 
from its obvious and important utilitarian aims in the fields of medicine, industry, and 
agriculture. 

Hue to their microscopic sice and absence of recognized sexual mechanism of reproduc- 
tion, there has arisen an illusion that bacteria possess very primitive simple organization. 
Actually bacteria perform an amazing multiplicity of functions, and it appears verj* likely 
that tho failure to recognize in tliem the corresponding multiplicity of cellular structures 
underlying these functions is an indication of the deficiency of our techniques rather than an 
evidence of the simplicity of their organization, 

Tho basic aim of the author is to bring together and to correlate information, which has 
accumulated as result of various investigations in the fields of bacteriology and immunology, 
in BO far as it tends toward eliciting tho ^ ‘ biochomical architecture" of the bacterial cell, and 
to integrate this information with that secured from the conventional study of bacterial 
structures by means of cytological techniques. 

Inasmuch as this book represents an outgrowth of a course of eight lectures delivered 
by the author in Februarj*, 1944, under the auspices of tho Howell Institute in Boston, the 
basic contents are presented in eight chapters. 

In the first chapter, entitled Materials, Problcnw and Methods, the author, emphasizes 
the questionable validity of any attempt at rcconstruclioa of the trends and direction of 
evolution in any group of living organisms on morphological grounds alone. It is particularly 
true of such organisms as bacteria which not only possess very few morphological characteris- 
tics useful in classification, but in addition exhibit a high degree of mutability. 

In the Becond chapter, entitled Cytology of Bacteria, are discussed data concerning the 
cell structures as elicited by microscopic examination with visible and ultraviolet light, a? 
^ell as newer data secured by electronic microscopy. 

The third chapter describes Physicochemical and Staining Properties of Bacteria with 
the purpose of eliciting information os to composition and distribution within the cell of 
various reacting constituents. 

The fourth chapter consists of Analysis of Cellular Structure by Bjochemical and 
Biological Methods which contributes information as to structure of tho bneterial ceil. In 
this connection the author stresses the role of bacterial enzymes and of serological methods 
as tools for microanalysis. The strict specificity and great reactivity of the later reagents, 
especially, permits not only the detection of small amounts of specific cellular constituents in 
the presence of relatively large quantities of contaminating substances, but, in many instances, 
they also give information concerning the relative position of these components. 

In the fifth ’chapter, Variability of Bacteria, the author emphasizes the extraordinary 
ease with which bacteria adapt themselves to the environment either by reversible modifica- 
tion or by means of hereditary variation. This plasticity makes them unique as material for 
the study of certain problems of genetics, whicli cannot be investigated with the use of other 
phyBiologically more rigid material. 

In the sixth chapter, devoted to the discussion of the Nature of Virulence, the author 
emphasizes that virulence is the result of a summation of a number of independent attributes 
which determine the ability of tho parasite to establish itself in the host. Loss of any <■ 
of these component factors of virulence, as result of variation, tends to dimmish or d--== 
the ability of the parasite to establish a pathological state. No. 10 
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In Chapter VII, entitled Immunization. Against Bacterial Infection, the author attm ( 
to analyze the present relatively limited information concerning the ''protective antimj’* 
i.e., those individual components of the bacterial cell which induce the production of anti 
bodies upon which depends resistance to infection. He brings together the evidence which sue- 
gests that the location and orientation of these different antigenic components in the bacterial 
cell are important in determining the protective value of the 'antibodies to which they give 
rise. 

In Chapter VIII the autlior discusses Bacteriostatic and Bactericidal Agents. In this 
discussion he considers not only the role of specific inhibitors of essential metabolic reactions 
but also the enzymic and chemical reagents which can selectively alter or destroy vital morpho- 
logical structures, as well as the nonspecific physicochemical reactions which affect the 
protoplasmic constituents of all living cells. 

In the ninth chapter. Trends and Perspectives, the author attempts to reconstruct fie 
trend of "bacteriological philosophy” during the present century. Much of the theoretical 
Icnowledgo of the field of bacteriology and immunology was gathered as a by-product of tie 
efforts to solve practical problems by empirical methods. Frequently, successful practices were 
developed before there was any understanding of their rational basis. Indecel, it was tie 
analysis of the mode of action of these empirical methods which led to the recognition of a 
number of reactions between bacteria and the environment and to tire subsequent descriptia 
of the components of the ceil involved in these reactions. The author suggests that in erte 
to bring bacteriology to the state of development achieved by other sciences, it is necessary 
to abandon tliis anthropocentric attitude which characterized its earlier development— baeterii 
must be studied not only in the effects which they have on practical human problems, bat aha 
for what they are and wliat they do as independent living organisms. 

Since the purpose of tlio book is to bring together the knowledge of cellular crgacia- 
tion, the author appropriately invited Br. C. F. Robinson to contribute a chapter oh Wear 
Apparatus and Cell Structure of Rod-Sliapcd Bacteria, which reviews the factors which 
delayed recognition of morphological organization of bacterial cells and describes sons of Hi 
newer findings made possible tlirongh the employmciit of newer cytological procedares. 

Although the text is roploto witli technical information, wliich will bo of especial ktered 
to bacteriologists and immunologists, flic author has supplied the necessary badgroori-* 
skillfully that even the most technical portions of tho text will present no dificahl 
biologists outside of tlie special field of bacteriology. 
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. PENICILLIN LEVELS IN SERUJI AND IN SOME BODY FLUIDS 
DURING SYSTEMIC AND LOCAL THERAPY 


Edwin ^I. Ouy, ^LD., ^Lvnson Mkads, SI.D., Bruce Brown, ^I.D., 

Clare AVilcox, and M.ocwell Finland, AI.D. 

Boston, SIass. 

T he rational ohoiec oC closnj'o and route of administration of penicillin pre- 
supposes some nc(juaintancc with the effective concentrations of the anti- 
biotic which can be attained and maintained at the site of the infection by the 
different methods. The dc.sii*ed concentration in any given case will depend, 
of course, on the susceptibility of the infecting organism. The variations in the 
sensitivity observed among different strains of some of the commonly en- 
countered hactcria were considered elsewhere.* The present paper deals with the 
concentrations of penicillin obtained in scrum and in certain body fluids, of 
adult medical patients after administration of various doses of commercial 
penicillin given by different routes. 

MATF.KIAUS AND METHODS 

Almost ull of the observations included in tlus report were mode on materials obtained 
during the course of treatment of infections on the medical ward?. The penicillin was usually 
given in 0,85 per cent sodium chloride solution except in some of tho cardinc patients, in 
whom continuous injections were given in 5 per cent dextrose solutions, and in those treated 
by inhalation. The concentration of pcnieillin in body fluids was determined by the serial 
dilution method of Eammclkamp.s A strain of hemolytic streptococcus No. 93, obtained from 
.Dr, C. S. Keefer, was used throughout. Broth cultures seeded with approximately 10,000 6f 
these streptococci per cubic centimeter were quit© consistently sterilised by 0.0078 unit of 
commercial penicillin. In control tests in which the penicillin solution was contained in 
a volume of 0.2 c.c. and added to 0.5 c.c. of culture, tho mixture was regularly sterilized 
by 0.005G unit per cubic centimeter. Human Group 0 cells were used as an indicator in tests 
with body fluids in order to avoid tho nonspecific hemolysis frequently observed when horse 
cells were used. Penicillin solutions for tho standard controls were prepared at intervals from 
pools of five vials of commercial penicillin in sterile saline and stored at 5" C. The smallest 
amount of body fluid tested was visually 0.2 c.c. in a final volume of 0.7 c.c. of tho culture. 
The smallest concentration measured in this manner was approximately 0.03 unit per cubic 
^ centimeter. End points were based on the smallest concentration of fluid in which there was 
no evidence of growth at eighteen hours and which yielded no growth in transplants on 
blood agar after another twenty-four hours. The method is subject to the wide limits of error 
common to such biologic tests. 


SERUM. LEVELS DURING CONTINUOUS INFUSIONS 


Administration of penicillin by continuous infusions has the advantage of 
permitting the maintenance of fairly constant blood levels as well as avoiding 
repeated punctures. It does, however, require constant supervision. The 
intravenous route also necessitates the injection of larger volumes of fluid than 


the Thorndike Memorial Laboratory. Second and Fourth Medical Services (Har- 
Boston City Hospital, and the Department of Medicine, Harvard Medical School. 
yP^rt of the penicillin used In this study was provided by the Office of Scientific Research, 
from supplies assiCTied by the Committee on Medical Research for clinical 
recommended by the Committee on Chemotherapeutic and Other Agents of the 
national Research Council. 

Received for publication. July 0, 1045. 
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are desirable in some of the types of cases in which it is best indicated and, 
in addition, has given rise to thrombophlebitis ui a large percentage of the 
Iiatients in whom injections were continued for more than forty-eight iiount 
The continuous intramuscular infusions are somewhat more difficult to regulate 
and are often quite painful, but they have proved somewhat more satisfactory 
in this clinic. Both methods are difficult to carry out properly in patients who 
are irrational and acutelj’" ill. ' Neither method has been used I’outinely except 
when it was necessaiy to maintain high levels over a long period and when 
frequent injections were not well tolerated. 


Sei’um levels under continuous infusion by either route did not usually 
exceed the average concentrations obtained during intermittent intramuscular 
-injections of the same total dail.y dose, but given eveiy two hours provided that 
a large fluid intake was avoided. Two examples may be cited from patients with 
bacterial endocarditis. In one of them, while receiving two-hour intramuscular 
injections of 15,000 units, the serum levels were 0.22, 0.22, 0.11, and 0.06 unit 
per cubic centimeter at intervals of one-fourth, one-half, one, and two hours, 
I’espectively, following the injections. During a long period of continuous in- 
travenous infusion of the same total daily dose, the levels were usually 0.11 and 
only occasional!}' 0.22 unit per cubic centimet'er. The second patient had serum 
levels of 0.22, 0.11, 0.11, and 0.06 unit per cubic centimeter at intervals of one- 
half, one, one and one-half, and two hours, respectively, iSler two-hour injections, 
of 25,000 units, but the serum levels during bontinuous intravenous infusion of 

300.000 units daily were repeatedly found to be only 0.Q6 unit per cubic centi- 
meter. Thus, considerable variations were noted in different patients receiving 
intravenous infusions. In one instance, detectable levels could not be obtained 
at all during constant intravenous infusion of 100,000 units a day, while another 
maintained a serum level of 0.11 imit while receiving 6,000 units per hour 
intravenously. 

Continuous intramuscular infusions also resulted in levels which were quite 
constant in any given patient but varied in different patients. For example, in 
one patient receiving 200,000 units daily for a cellulitis, successive seium levels 
were always 0.06 unit per cubic centimeter. A second patient who received 

250.000 units a day for what proved to be miliary tubei’culosis regularly had 
levels of 0.45 imit per cubic centimeter. A patient treated for subacute bacterial 
endocarditis with 300,000 units a day and tested on sixteen different days was 
found to have a level of 0.11 on eleven occasions, 0.22 on three, and 0.06 tivice. • 
In another similar case on the same dosage, a level of 0.11 was obtanied re- 


peatedly. 

Continuous Inf-usion in a Case of Anuria . — A patient who developed anuria 
during the course of sulfonamide therapj' for pneumonia offered an opportunity 
for a study of the cumulative effect of continuous penicillin injection. He 
was given 100,000 units a day by a constant intravenous drip. The serum levels 
on four successive days after this was started were 0.22, 0.45, 0.90, and 1.8 
units per cubic centimeter. Urine flow was re-established and penicillin was 
stonned soon after the last sample was obtained. There was no detectable 
penicillin (that is, less than 0.03 unit per cubic centimeter) in the serum obtained 

eighteen hours later. , 


SERUM LEVELS DURING INTERMITTENT INTRAMUSCULAR THERAPY 

Penicillin concentrations in sora obtained at different intervals after intra- 
injections of 15.000, 20,000, and 25,000 nnits s,ven at ttvoJ.onr intc.. 
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vals and ni'tei*'15,000 or 20,000 \inifs given at tlirec-hoiir intervals arc shown in 
Fig. 1. ^lost of these patients had good renal function and were not restricted 
with respect to their fluid intake but they took only moderate amounts. A' few 
observations, spceially designated in Fig. 1, were made on' patients who had 
congestive heart failure. Tiic latter patients were on a restricted fluid regime 
and had low urinary outputs. 



, rig. 1. — ^PenlcilUn levela In the serum during iDtermlttent Intramuscular admlnisti-ation 
yV^onimercIal penicillin. The dots represent single observations In patients other than those 
^uh Congestive cardiac failure. Observations In the latter are indicated by +. 


In the patients tnthout conge.stive cardiac failure it is .seen that the levels 
obtained at any given interval after each, dose fall within a fairly narrow range. 
The least variations were observed in the sera obtained at the one-half liour 
interval in patients who were being treated ever}’ two hours. The levels obtained 
at that time, moreover, were not much different with each of the dosage schedules 
that were studied in these case.s. When 15,000 or 20,000 units were given every 
.three hours, almost all of the sera obtained just before an injection failed to show 
detectable amounts of penicillin, and only an occasional one,showed the smalle.st 
Pleasurable amount, namely, 0,03 unit per cubic centimeter. Higher levels at 
eue-half hour w’ere more freqdont after the 20,000 unit do.se.s. 
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The greatest variations were noted in the sera obtained two hours after the 
injeetioi^. On the two-hour schedule about onertliird of the sera obtained just 
before an injection of 15,000 units failed to show detectable amounts of 
penicillin; a similar number showed the smallest concentration measurable and 
the rest had twice that amount. With la_rger doses given every two hours, 

* penicillin was found in almost every serum obtained before an injection. A 
greater proportion of the levels obtained at that time were higher on the 25,000 
unit doses than on the lower amounts. The levels obtained 'one hour after the 
various doses also showed a general upward trend with increasing dosage. 

Brieflj’’, therefore, in febrile patients on a moderate but unrestricted fluid 
intake and with adequate renal function, there is less than 0.03 of a unit of 
penicillin per cubic centimeter of seram three hours after an intramuscular 
injection of 15,000 or 20,000 units. The same is true in one-third of the 
sera obtained two hours after the smaller dose. Larger doses give higher and 
more sustained levels. 

In the patients with congestive cardiac failure the levels were imiformly 
more sustained and at significantly higher levels. The penicillin concentra- 
tions obtained in the serum three liours after a 15,000 unit injection in such 
patients were about comparable with the values obtained two hours after a 

25.000 unit injection in ordinary eases. 

PENICILLIN LEITSLS IN CEREBROSPINAL FLUID 

Some workers have failed to detect significant amounts of penicillin in cere- 
brospinal fluid after intravenous or intramuscular injections, while others , . 
found appreciable concentrations, especially after very large doses in cases of 
meningitis. In the absence of a block, diffusion of the penicillin usually takes . 
place from the lumbar to the cerebral subarachnoid space and into the ven- , 
tricles*’ as well as in the opposite direction.” Penicillin has been detected in 
the spinal fluid for twenty-four hours and sometimes as long as ninety-six hours 
after injection by the lumbar route,®- but occasionally it cannot be detected 
even after fourteen houi-s.® 

In the present studies cerebrospinal fluid was obtained by lumbar puncture 
in eighteen patients who had received one or more injections of penicillin intra- 
muscularly. All but four of these patients had puimlent meningitis. The lumbar 
puncture was done from one to two hours after an intramuscular dose of from 

20.000 to -60,000 units, and venous blood was obtained at the same time. The 
levels of penicillin in the serum varied from 0.06 to 0.9 unit per cubic centimeter, 
more than half of them being 0.22 or 0.45 unit. Not one of the spinal fluids taken 
at the same time showed detectable levels of penicillin. 

In thirteen patients under treatment for meningitis, concentrations of 
- penicillin were also determined in spinal fluid obtained twelve or twenty-four 
hours after intraspinal injections of 10,000 or 15,000 imits. The results are 
shown on Table I. The penicillin was given in a concentration of 1,000 units 
per cubic centimeter of saline. At twelve hours the levels in nine instances 
ranged from 10 to 40 units per cubic centimeter and, in one instance, 160 units 
per cubic centimeter were found. The levels at twenty-four hours ranged be- 
tween 0.03 and 5.0 unit per cubic centimeter in eighteen instances, more than 
half of these being less than 1.0 unit. In one instance 80 units per cubic eenti- , 
meter were found in the fluid at this time. At forty-eight hours, penicillin could 
nbt be detected in one case v-hile intramuscular therapy was being continued. 

- In one patient who died twenty-four hours after a lumbar injection o± 

10 000 units, the fluid in the lumbar region contained 0.11 unit per cubic centi- 
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Table I. Penicillin Leatls in Cerebkospikai. Plvid Aiter Intuaspinal Injections 


CASE 

) PORE 

1 (UNITS) 

1 INTERVAE 

1 (HOURS) 

1 c. s. r. level 

1 (UNITS TER c . c .) 

1 

10,000 

12 

10.00 


10,000 

12 

40.00* 

' 2 

10,000 

12 

10.00 

3 

10,000 

24 

5.00 

4 

10,000 

24 

0.03 


10,000 

24 

0.11 

5 

15,000 

12 

40.00 


15,000 

12 

20.00 


15,000 

12 

160.00 


15,000 

12 

10.00 


15,000 

24 

80.00 


15,000 

12 

10.00 


15,000 

24 

5.00 


15,000 

24 

0.90 


15,000 

24 

O.Oii 


10,000 

4 S 

0.00 


15,000 

24 

l .?0 


15,000 

12 

10.00 


15,000 

24 

l.S 


15,000 

24 

0.22 


15,000 

24 

0.06 


15,000 

24 

0,90 

7 

15,000 

24 

0.22 



24 

0.11 1 

8 

15,000 

12 

20.00 

0 

15,000 

24 

2.5 

10 

15,000 

24 

0.06 

11 

15,000 

24 

2.5 

12 

15,000 

24 

1.8 

13 

15,000 

24 

0.22 


•Ventricular fluid at this time bad 0.0 unit per cubic centimeter. 

tObtalned after death. No penicillin was detectable In the cisternal or ventricular fluid 
at this time. 


motcr and none was detected in the cisternal or ventricnlar iluid at autopsy. 
In a second patient who had a brain tumor, the spinal fluid twelve hours alter an 
intraspinal injection of 10,000 units had 40 units per cubic centimeter and the 
ventricular fluid had 0.9 unit per cubic centimeter. 

The reactions following intraspinal injections were similar to those noted by 
Rammelkamp and Keefer.'' In three patients without meningitis receiving 
from 5,000 to 15,000 units one or two times, no symptoms resulted, and the 
only abnormality in the spinal fluid noted twenty-four hours later consisted in 
the appearance of from 23 to 138 lymphocytes per cubic millimeter without a 
significant increase in the protein content. In three similar cases, however, the 
injeetion of 15,000 units was followed by moderate to severe headache, malaise, 
and, in one instance, nausea and vomiting. The spinal fluid twenty-four hours 
later showed from 500 to 4,300 cells, mostly poljTnorphonuclcars, and an in- 
creased protein content. The reactions in patients with meningitis who received 
intraspinal injections likewise varied. Some had an increase in the symptoms 
of meningeal irritation accompanied by a persistent or increased pleocytosis in 
the spinal fluid, and others showed return of the spinal fluid essentially to 
normal while daily injections were still being continued. 

PENICILLIN LEVELS IN PLEURAL FLUIDS 

Most workers have not found significant concentrations of penicillin in 
pleural fluids during intramuscular therapy.''' " After intrapleural Injections 
of from 5,000 to 70,000 units in patients witli empyema, it is absorbed rather 
slowly so that considerable amounts have .been found in the fluid up to ninety- 
si.v hours. The amount found and its persistence apparently depends on the 
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amount injected and on the nature and size of the cavity.^' Trahsieut 
pleural pain, fever, and pleocjdosis may result from injections into the nonin- 
flamed pleura."^ Eammelkamp and Keefer^ could detect no penicillin in the 
blood serum after an intrapleural injection of 5,000 units in one patient. They 
found only the smallest measurable amounts after 10,000 units in a second 
patient and up to 0.03 unit per cubic centimeter of serum after 30,000 units in a 
third patient in which samples were taken up to about seven and one-lialf hours.® 
The present observations include (1) levels of penicillin in pleural fluid 
obtained after intramuscular injections alone, (2) serum penicillin levels after 
intrapleural injections when penicillin was not given by other routes, and (3) 


Table II . 

Concentration of Penicillin 

IN Serum After Intrapleural Injection 


DOSE 

interval 

PENICILLIN IN SERUM 

CASE 

(UNITS) 

(Hours) 

(units per c.c.)t 

1 

50,000 

1 

0.06 



O 

0.06 



3 

0.06 



5 

0.03 



12 »- 

0.00 

o 

50,000 

3 

0.11 

- 


4 

0.03 / 



7 * 

0.00 

3 

50,000 

I 

0.00 


2 

0.00 



3 

0.00 



4 

0.03 



5 

■ 0.03 



8 * 

0.00 

4 

20,000 

1 

0.00 


O 

0.00 



i 

0.00 



6 

0.00 

V 

50,000 

2 

0.03 - 


4 

0.03 



6 

0.03 



8 * 

0.00 


50,000 

3 

0.06 


* 

5 

0.06 



7 

0.06 



9 

0.03 


8 

9 

10 


11 


12 


13 


50,000 


50,000 

50,000 

50,000 


60,000 

60,000 

50.000 

40.000 


11 * 

0 

4 

6 

8* 

4 

5 

1 
2 
4 

6 
8 
1 
.1 
6 
1 
(t 

4 

6* 

i 

o 

4 


0.00 

0.11 

0.06 

0.03 

0.00 

0.11 

0.03 

0.22 

0.11 

0.03 

0.00 

0.03 

0.11 

0.11 

0.11 

0.03 

0.03 

0.03 

0.00 

0.22 

0.22 

0.11 

0.22 


wltli 




■ — nnrt 13 had aerosangulnebus effusions. The others all had empyema 

.hick Snt rfte,"except m which the fluid was serous m character. 

• 0 In one or more subsequent specimens of scrum, 
to here means <.03 unit which was the smallest amount measured. 


dours 
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pleural fluid levels after intrapleural mjcclions with or witliout eoneurreut intra- 
muscular therapy. 

Concentrations of i)cnicillin in }>lcural iliiids fi'om o)\c to two and one-haU 
houi*s after intramuscular in.iections were measured in five patients with 
empyema and in one with rheuinatie effusion. A single 40,000 unit dose Avas 
used pn one patient, while the others were under treatment with doses of 15,000 
or 20,000 units every two or three hours. Levels ranging from 0.03 to 0.22 unit 
per cubic centimeter of pleural fluid were obtained. Tlie level in the scrum taken 
at tlie time of tlm aspiration was the same in one instance and from two to 
eight times Jiigher in tlie ollicr.s. 

Sentm levels in fourteen patients at various intervals after intrapleural 
injections of froin 20,000 to 60,000 units of j)enicillin are shown in Table II. 
The intrapleural penicillin was given in coneentrations of from 500 to 1,000 
units per cuhie. eentimeter in saline, and none of the paticnt.s were receiving 
penicillin by other routes at tlic titue. Penicillin was not detected in the serum 
in the one patient (Case 4) who received 20,000 units. In another patient (Case 
3) in whom 50,000 units were tu.ieelcd. minimum levels were observed in the 
scrum at four and five !ioui*s. l>ut none was detected before or later. In tiic 
remaining patients, concentrations ranging from 0.03 to 0.22 unit })ev cubic 
centimeter were found in the serum up to five or six hours after the intra- 
plourfil injection of from 40.000 to 60,000 units. In only two instances were 
detectable amounts found later: after eight hours in Case 10 and after nine 
hours in Case 6. These levels are comparable with tiiose obtained in tlic scrum 
of different individuals about two hours after an intramuscular m.iection of 
15,000 units ns sboAAni in Fig. 1. • 

T.Ma.i! HI. CoxcKNTR.\TiON OP Pf.xich.i.ik in Pi.BunAi. Fnn» An’sr. TNTn.vvi.KuisM, Injection 


C.VSE 

1 iNTr.Al'l,F.Cft,\l. 

hOSF, 

1 (units) 

INTF.BVAI, 

\m:R IK>SE 

(HOURS) 

I'ENICIhUN IK 
PLEUR.VT, KLUin 
(ITNIT.'? PER O.C.) 

1 

50,000 

24* 

5.00 



•18 

o.n 

2 

50,000 

24^ 

0.03 


50,000 

24 

0.45 

.T 

50,000 

24* 

2.5 



72 

0.03 


.50,000 

24 

0.45 


50,000 

18 


10 

50,000 

24’' 

0.11 


.50,000 

24 

0.11 

11 

00,000 

24* 

2.5 



144 

0.00 


50,000 

48 

•5.00 

12 

00,000 

24* 

40.00 

14 

10.000 

24 

o.n 

L' 

50.000 

IS 

2.5 


7)0,000 

48 

1.8 


.50,000 

■18 

n.(h> 


50,000 

18 

ft.22 

16 

10,000 

24 

0.9 


10,000 

24 

1.8 


10,000 

24 

1.8 



210 

0.00 

17 

50,000 

24 

0.23 

18 

40,000 

24 

10.00 

10 

20,000 

24 

5.00 

2ll 

30,000 

24 

1.8 


'These flulOs weie obtained after the Injections listed on Table II. 

, , Except In Case 20, in which Uiere wag a hydiothorax, all the fluids obtained before the 
mjectiona were infected, thick, and puiulent and Avere from patients with pneumococcal or 
■ ireptococcal empyema. 

nt 4t ^'^’'IclUln was Riven intramuscularly, usually IS.OOO or 20.000 units eve^^' three hour.s, 
Inc time these fluids were obtained, except Cases 2, lU, and 10, nnd before the aspirations 
‘ndicatea by the asterisks. 
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The concentration of penicillin in' pleural fluids at various intervals after 
iiitrapleural injections of from 10,000 to 60,000 units varied considerably as 
shown in Table III. Intramuscular penicillin was being used in some and not 
in others. Even after the larger doses the concentrations in the pleural fluid 
obtained after twenty-four or forty-eight hours ranged from' 0.03 to 40.0 units, 
most of them being between 0.11 and 5.0 unit per cubic centimeter. In some 
of the cases in which the concpntrations in the pleural fluid were low, serum 
obtained at the same time showed higher levels. In one patient (Case 15), for 
example, serum levels obtained at the time of each of the last two fluids were 
0.45 unit per cubic centimeter. In Case 10, the sermn level each time was 0.22 
unit per cubic centimeter. 

Briefl}’’, therefore, it would seem from the data presented that’ there is some 
diffusion from the blood stream into the pleural fluid as well as from the pleura 
into the blood, but it is quite variable in either case. Likewise, the concentrations 
found in the pleural fluid after the local instillation are erratic. This is prob- 
ably due, at least in part, to the variable absorption from the pleural cavity. 
The possibility of loeulation of infected fluids accounting for some of the uide 
discrepancies cannot be ruled out. There was no definite correlation between the 
specific gravity of the pleural fluid and the diffusion into it from the blood or 
from it into the blood. Furthermore, the concomitant intramuscular administra- 
tion of penicillin did not seem to influence significantly the concentration in the , 
pleural fluid after local instillation. 


PENICILLIN LETOLS IN OTHER SEROUS CAVITIES 


Very few observations liave been reported on the diffusion in and out of 
body cavities other than the pleura and subarachnoid space. Small amounts 
have been measured in the serum for several hours after inoculation of 10,000 
units into an infected knee joint.^ This slow absorption from the sjmovial cavity 
has been suggested as a method of administering penicillin to obtain a pro- 
longed systemic effect.^® Penicillin has also been found in joint fluid during 
intravenous or intramuscular injections in a concentration about one-half of 
that found in the serum.® In infants and children, penicillin has been found in 
peritoneal fluid after intramuscular injection and also in the serum after intra- 
peritoneal injections.^®* The present study includes a few obsen’ations on 
synovial, peritoneal, and pericardial fluids. 

Joint Fluids . — Six specimens were obtained by aspiration of the knee joints 
in three patients under treatment -with 15,000 or 20,000 units of penicillin intra- 
muscularly every three hours. Tivo of the patients had purulent gonococcal 
arthritis and one had acute rheumatic fever. The fluids were obtained from one- 
half to two and one-half hours after an intramuscular injection. The levels were 
6.03. unit per cubic centimeter in five specimens and 0.06 unit per cubic centi- 
meter in the sLxth. These levels were the same or lower than corresponding 
seiTim levels. 

Ascitic Flwid.— Infected peritoneal fluid was obtained on four occasions 
from one patient with cirrhosis of the liver and ascites who had a complicating 
bacteremic staphylococcal infection and was receiving 20,000 units of penicillin 
intramuscularly every two hours. The level of penicillin in the peritoneal fluid 
was 0 03 on two occasions, 0.06 on one, and none was detected in the fourth. 


, VJ detected penicillin in the blood for thirteen hours in 

‘Florey and Heatlej , “®*®®jher after Injectine 120.000 units into an intact but infected 
nd foi' Jl‘?'^oture-'\Verber=“ detected penicillin in the blood after intraperitonc 

HGC Joint, (j-recne aiiu ^ 
istillation. 
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One of the fluids showing 0.03 unit was obtained four hours after an intra- 
muscular injection, and the serum had no demonstrable penicillin at that time. 
The sera obtained at the time of the two other positive fluids had the same con- 
centration of penicillin as those fluids. 

Pericardial Fluid . — Five specimens were available in two patients under 
treatment for punilcnt pericarditis. In one patient with streptococcal infec- 
tion, O.OG unit' per cubic centimeter was found in the fluid aspirated during 
intramuscular therapy. In this case the fluids obtained twenty-four hours 
after each of two local injections of 20,000 units contained 2.5 and 5.0 units per 
cubic centimeter. The second patient had pneumococcal pericarditis and received 
two injections of 25,000 units each into the pericardial cavity after aspirations. 
The fluid obtained twenty-four hours later contained 20 units per cubic centi- 
meter in one and IGO units per cubic centimeter in the other. ' 

These findings indicate that penicillin diffuses into inflamed sj-no-vial, 
peritoneal, and pericardial cavities from the blood stream. From the peri- 
cardial cavity, as from the pleura and subarachnoid space, it seemed to diffuse 
out rather slow!}' in the two cases studied— at least high concentrations were 
still found twenty-four hours after the local injections. 


SEUUH LCt'ELS after INHAL-ITION OP PENICILLIN 
The feasibility of utilizing penicillin in the form of an aerosol from a 
nebulized solution was pointed out by Bryson, Sansome, and LasMn.” These 
workers demonstrated penicillin in the lungs and urine of animals after inhala- 
tion. They were able to recover as much as 60 per cent of penicillin adminis- 
tered to cooperative human subjects who inhaled the aerosol directly from a 
nebulizer placed in the mouth. Clinical methods and apparatus for applying 
this procedure therapeutically were reported by Barach and his co-workers.*° 
These authors demonstrated penicillin in the serum for one hour and occasionally 
longer after doses of from 40,000 to 100,000 units per cubic centimeter. They 
recovered from 10 to 20 per cent of the administered penicillin in the urine — 
most of this in the first hour. 

The present observations were made during clinical trials of the methods 
described by Barach ivith some modifications by Dr. Maurice S. Segal, who also 
^conducted the clinical studies. A total of eighty-one sera from seventeen pa- 
tients under treatment with inhalations of from 20,000 to 30,000 units every 
two to four hours and from one normal subject after single inhalations of 20,000 
or 25,000 units contained 1 c.c. of saline. Penicillin was not given by any other 
routes in those patients. The patients were being treated for acute or chronic 
pulmonary infections. The inhalations were usually completed within ten to 
twenty minutes. The frequency with which various levels were obtained at dif- ' 
ferent intervals after the inhalations is summarized in Table TV. Significant 



Table IV. Penicillin in Serum After Inhalation 


HOURS 




NUMBER 

PER CENT 

after 

PENICILLIN, UNITS PER C.C. OP 

SERUM 

OF SERA 

1 POSITIVE 

DOSE 



.22 

TESTED 

1 SERA* 

i 


1 2 


3 

100 


13 

7 4 1 

1 

26 

50 


16 

6 12 

1 

26 

38 

2 

: 19 

1 1 

1 

22 

14 

3 

4 



4 

0 

Total 

52 

15 8 3 

3 

81 

35 

^03 unit per cubic 

centimeter or more. 





nebulized solutions of from 20,000 to 30,000 units of 
penicuun contained In 1 c.c. of physiologic saline even’ two to four hours and 
^ red from ten to twenty minutes to complete each dose. 
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coneeuti ations were found in the serum for only a short time in most instances. 
In a few, however, penicillin was detected for as long as. two hours. While most 
of the serum levels were low, occasional ones were comparable to those obtained 
two houi-s after intramuscular infections of 20,000 units m similar subjects. The 
highest and most sustained levels were obtained in two patients Avith pneumonia 
and in one Avith a lung abscess. Of the six .sera .showing levels of 0.11 unit or 
•more per cubic centimeter, fiAm Averc from a single patient AA'ho had a large lung 
abscess. 

It sliould be borne in mind that tliese observations Avere made chiefly in 
sick patients, not all of Avhom could cooperate properly. Purtliermore, the type.s 
of apparatus Avere being frequentlj' changed and improved and relath’ely small 
doses Avere used. Higher IcA'els can be expected for longer periods and more reg- 
ularly Avith larger doses and improA'ed apparatus in more cooperatiA'e patients. 


DISCUSSIOX 


It was the primary purpose of this papei' to present obserA’ations on penicil- 
lin levels in serum and in some of 'the bodj' fluids Avhich are commonly infected 
Avith susceptible organisms. The dat^. Avere obtained almost entirely on pa- 
tients Avhile they were under treatment. The method used is subject to consid- 
erable error, but it is adequate for these purposes since it AA’as not intended here 
to. offer any accurate measures of the absorption and fate of penicillin in the 
body. 


Similar observations have been made Avith a different method by Selbie and 
eo-AA^orkers“^ and Avith comparable results. 

The concentrations of i)enicillin Avhieh destroy the common bactei’ia en- 
countered in “medical” infections AA'ore studied in this laboratory by a very 
similar method* so that the results are comparable. They indicate that the small- 
est concentration of penicillin AAdiieh AA'as measured in the present study, namely, 
0.03 unit per cubic centimeter, is adequate to sterilize aetiA'ely growing cultures 
of almost all strains of gonococcus, group A hemolytic streptococcus, and pneu- 
mococcus and most strains of alpha hemolytic streptococcus, about half of the 
strains of meningococcus, and a someAvhat smaller proportion of stx’ains of 
pathogenic staphylococci. Undoubtedly the accessibility of the penicillin to the 
organism and manj’" other factors, most of Avhiclx are still unknoAAm, also come 
into play and account for some of tlie discrepancies betAveen in vitro and in vivo 
results. 


The serum levels of penicillin obtained after Amrious doses and intervals 
during systemic administration indicate that for any given dosage only a range 
of levels rather than any specific A’alues can be predicted. In general, higher 
levels are attained and sustained Avith the larger and more frequent doses. The 
leAmls are not directly proportional to the increase in the dose e::teept possibly 
in any given individual under constant intravenous therapy.**^ The results in 
patients with cardiac or renal insufficiency indicate that the volume of urinarj- 
output and the state of the kidney function may materially affect the height 
and persistence of penicillin levels after any given dose. Such patients usually 
attain and maintain any given level AA'ith appreciably smaller doses given at 
longer intervals than do persons, with normal renal function and those avIio e.x- 
crete larger volumes of urine. 

The problem of whether or not topical injections are necessary in cases of 
r„mnncHtis or of infections of serous cavities or in walled-bff focal abseesse.s 
will be an.sAvered more directly on the basis of clinical re.sults than by any 
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analysis of data such as those given in this paper. The present observations and 
similar studies by others indicate that there is some diffusion into all serous 
cavities but that this is erratic and usually is only slight. Clinically, it is al- 
ready recognized that these infections, after they have become established, do not 
often respond to systemic treatment alone in spite of the fact that bacteriostatic 
concentrations for the offending organisms can often bo demonstrated in the 
exudate. 

In cases of meningitis there are differences expressed in the literature both 
as to the penetration of penicillin into the cerebrospinal fluid and as to the 
necessity for having such penetration. Small amounts of penicillin have been 
found by others in individual cases particularly after massive systemic doses.“^ 
This has not been our experience nor that of others who have used larger doses 
in a greater number of cases. Some cases of bacterial meningitis have been 
reported as cured without resort to intrathecal injections of penicillin,'* but 
these cases are not entirely convincing since few, if any, of these patients had 
received systemic penicillin as the only specific therapy. On the other hand, 
the experience in this clinic and in many' others would indicate that, not only 
is intraspinal therapy necessary, but it is further necessary in some instances to 
resort to injections into the cerebral subarachnoid space or even into the ven- 
tricle® for complete recovery. 

The necessity for systemic treatment when penicillin injections are given 
into infected body cavities will depend on the circumstances in each case. Some 
absorption takes place from all the cavities, but this, too, is erratic and effective 
levels are sustained in the circulation for variable periods. Some workers have 
found the poorest absorption from thick-walled cavities and from abscesses 
which are well walled off.'* Obviously, therefore, if there is evidence of infec- 
tion of tissues away from the infected cavity into which the penicillin is being 
injected, systemic treatment is definitely indicated. The absorption from the 
cavity may, however, be adequate to protect against spread of the infection from 
the site of the injection as a result of the procedure. It is possible that dif- 
fusion out of cavities is delayed in some cases when systemic therapy is given at 
the same time'° and that may be a reason for using it. . Evidence for this, how- 
ever, is scant. 

SUMMARY AND CONCLUSIONS 

In this paper are presented the results of determinations of penicillin levels 
in serum and in some body fluids of patients under treatment with various doses 
of penicillin given by different routes. "When compared with the results of tests 
for sensitivity of the offending organism, such information helps to indicate in 
a Very general way the results to be expected from therapy in various types of 
cases. 

During continuous intravenous or intramuscular administration, fairly con- 
stant levels are maintained in the serum of any given patient, but the levels 
®ay vary in different patients on the same dose. 

During intermittent intramuscular injections a range of serum levels but 
not exact values can be predicted for the interval between doses on any given 
dosage schedule. Larger doses result in serum levels which are sustained longer 
nnd at higher values than smaller ones. 

During intramuscular penicillin therapy it was not possible to detect 
penicillin in the cerebrospinal fluid, and the levels in pleural, peritoneal, and 
synovial fluids were erratic and usually lower than the serum levels. 
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Diffusion from local injections of penicillin into body, cavities out into the 
serum is quite erratic, but adequate concentrations usually remain in cerebro- 
spinal, pleural, and pericardial fluids for tiventy-foui’ hours and sometimes for 
forty-eight hours or longer after local injections of large amounts. 

After inhalation of penicillin from nebulized solutions, small arhounts may 
be detected in the serum for short periods but rarely for as long as two hours. 
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EH AGGLUTINATION IN VARIOUS JIEDIA IVITH PARTICULAR 
REFERENCE TO THE VALUE OP ALBUillN 

Lodis K. Diamond, JI.D., and Ronaop L. Denton, JiLD." 

Boston, JIass. 

T he technique for the detection of anti-Rh antibodies has undergone several 
variations within the past few ycai-s. The first raetliod in use, the “modified 
tube compatibility test” (incubation at 37° C. for one hour of unknown scrum 
with 2 per cent suspension of Rh-positivc red cells in saline), w,as found to be 
inadequate since from 40 to 50 per cent of the subjects in wliom sensitization 
was later confirmed, by the birth of an ciythroblastotic child or by a hcmolj'tic 
transfusion reaction, showed negative tests for anti-Rh agglutinins. An explana- 
tion for such failures was found independently by Wiener and by Race. Race* 
found an additional evidence of Rh sensitization which he called an “incom- 
plete antibody” that did combine with the antigen (the Rh-positive red cell) 
but failed to cause agglutination (in the saline suspension of cells in the test 
tube). At the same time Wiener* recognized the same phenomenon, that is, 
failure of agglutination of tlio Rh-positive cells by the scrum of some sensitized 
individuals. He demonstrated it as follows : to the usual mixture of 2 per cent 
suspension of Eh-positivo colls in saline and unknown serum from the sensitized 
■person, he added one drop of an anti-Rh serum known to be capable of agglu- 
tinating the test cells. The difference in degree of agglutination of this system, 
after incubation at 37° C and centrifugation, from the expected gross or 4 
pliK agglutination was the degree of inhibition or “blocking” caused by the 
unknown serum. Diamond and Abclson* have shown that the combination of 
these two anti-Rh tests (that is, ordinary agglutination plus “blocking” test) 
is much more satisfactory than the first alone, in that it demonstrated the 
presence of Eh antibody in 92 per cent of their cases of sensitization. 

With the development of the vapid slide technique. Diamond and Abclson* 
proved that recognition of both agglutinin and inhibitor, or “blocking,” anti- 
bodies was possible in almost 100 per cent of the individuals in whom sensitiza- 
tion had occurred. They found, however, that their tost required Rh-positive cells 
in the form of whole blood and that the removal or marked dilution of the plasma 
of such blood (by washing repcatedl.v with saline) inhibited the reaction on 
the slide. As a result of these observations, they concluded* that plasma pro- 
''ided a medium in which Eh inhibitor, or “blocking,” antibodies could cause 
agglutination or clumping of Rh-positive cells, and that absence or great dilution 
of this medium reduced the effect of the inhibitor antibody on test cells to 
merely a “blocking” action not demonstrable by any recognizable clumping. 
IViener* suggested that this phenomenon might be due to a colloidal effect of the 
eonglutinin of plasma. • He named the reaction “conglutination” to distinguish 
it from agglutination in 'ordinary saline diluent. He confirmed that the results 

„ From the Department of Fediatrlcs. Harvard Medical School, the Infants’ and Children's 
ospltal, and the Blood Grouping Laboratorj'- 

.. The use of albumin for enhancement of Rh arglutinlns was suggested by the workers 
^ the Department of Physical Chcmlstr^\ Harvard Medical School, and has been reported by 
^amcron and Diamond in the Journal of Clinical Investigation (In press). 

Received for publication, July 25, 194C- 

. *^rgpon Lieutenant Commander, Royal Canadian Kaval Volunteer Reserve, appointed 
' we niood Grouping Laboratory for temporary duty. 
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of the slide test could be reproduced in the test tube when plasma ivas sub- 
stituted for saline as a diluent for the Rh-positive test cells. . . 

Further studies have now been carried out on the effects of plasma in the 
testing of sera, which, though produced by sensitized individuals, failed to cause 
agglutination of Rh-positive red cells in saline diluent. Parallel titrations of 
a number of such linown “blocked” sera, diluted serially in saline and in 
plasma, ivere set up, using twice-washed Rh-positive test cells likewise sus- 
pended in saline and in plasma. The technique was as .follows : one drop of 
serum of each of the various dilutions was added to two drops of a 2 per cent 
suspension of the test cells in their respective diluent. The mixture was. 
incubated at 37° C. for one hour, centrifuged at 500 r.p.m. for one minute, and 
read macroscopically with the aid of a hand lens. AV’eak and negative reac- 
tions were cheeked mieroscopieall 3 '' under low power. The titrations in the 
saline sj^stem showed no agglutination in any dilution, as previously had been 
demonstrated in these “blocked” sera. The plasma systems, however, showed, 
strong clumping of the test cells. A tj'pieal result is shoivn in Table I. The 


Table I. Titration op Anti-Rh Blocking Antibodt in Saline and in Plasma JfiajiA 
(Washed Test Cells, Group O, Bh,; Blocking Anttbody, Anti-Bh„) 


SERUM DILUTIONS 

1 1:1 

1 1:2 1 1:4 | 1:8 | 

1:16 1 1:32 

1 1:64 |1:128 

|1:256 

2 per cent cells in saline 
(serum diluted vith saline) 

0 

0 0 0 

0 0 

0 

0 

0 

2 per cent cells in plasma 
(serum diluted vitli plasma) 

Solid 

++++ 't++4' 

+++ 4"f 

-i- 

+ 

Trace 


plasma diluent in this ease either has supplied some factor by virtue of which, 
the “blocking” effect of the antibod j’", as shoivn bj’’ the absence of reaction 
in saline, has been removed or has provided a more favorable medium than 
water, allowing the antibody-antigen reaction to become manifest by the clump-, 
ing of the test cells to an end point of 1 :256 with this particular serum. Thus 
the total content of Rh antibody is taken as 256, all of which is inhibitor, or 
“blocking,” antibodjL Similar experiments ivith sera containing both agglutinin 
and “blocking” antibody demonstrate that the saline diluent sj’’stem, or, for that 
matter, anj' suitable salt in water, shows agglutination to one end point (often 
associated with a prozone phenomenon), Avliereas the plasma sj'stem has an end 
point at a much higher dilution. In such a case the ordinary agglutinin titer 
may be designated as the end point of the saline titration and the total anti- 
body titer as the end point of the plasma titration, the difference between them 
-being due to the “blocking” antibody present. A protocol of one of these 
experiments is shown in Table II. In this serum the ordinary agglutinin titer 
in saline is 1 :8 and the total antibody titer, 1 :512. The difference between these 
two levels is due to inhibitor antibody unmasked in the plasma diluent. Sera 

Table II. Titration of Anti-Hh Blocking-Agoldtinin Antibody in Saline and in 

Plasma Media 

(Washed Test Cells, Group O, Bh,; Antibody- Agglutinin, Anti-Bh'; and Blocking 

Anti-Bh„) 


serum dilutions] 

1:1 

1 1:2 

1 1:4 

1 1:8 

1 1:16 

1 1:32 

1 1:64 1 1:128] 

1:256] 1:512] 1:1024 

2 p6r cent cells 
in saline ^ 
(serum diluted' 

-f + 

•f++ 

-h-h 

Trace 

0 

0 

0 

0 

0 0 0 

vrith saline) 

2 per cent cells 
in plasma 
(serum diluted 
■vritli plasma) 

Solid 

Solid 

Solid 

Solid 

++++ 

■1++ 

++± 

+ + 

•f Trace 0 
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containing loiown agglutinin Imt no “blocking’’ antibody have been tested in 
this way and have shown the same end point of agglutination in both saline and 
plasma systems, indicating that all antibody present is demonstrated in the 
saline nnd that no further agglutination can be demonstrated by the use of 
plasma. 

The use of plasma as a diluent for test cells, therefore, provides a method 
by which anti-Hh inhibitor antibody may be demonstrated in a test tube, the 
counterpart of the slide test of Diamond and Abelson. The exact nature of 
the mechanism by which plasma permits the demonstration of “blocking” .anti- 
body by means of agglutination will not be discussed here, although a colloid- 
like property, as suggested by AVicner, is undoubtedly one possibility. That 
complement is not responsible has been proved beyond doubt by the reproduc- 
tion of the results described, using inactivated antibod.v serum and diluent 
plasma (heated at 60° C. for one hour). Dilution of the plasma with saline 
weakens or prevents the reaction of agglutination when the proportion of saline 
diluent to total contents of the tube reaches approximately one-third.* Once 
agglutination has occurred, however, the further addition of saline has no 
injurious effect. 


Certain obstacles arose to the adoption of plasma as a diluent for test cells 
in anti-Rh determinations. Foremost among these was the unpredictable occur- 
rence of rouleaux formaton in the test cells suspended in plasma; this appeared 
to be distinct from the clumping due to antibody-antigen reaction but never- 
theless made gross and microscopic readings, cs])ecially of titration end points, 
often difficult to recognize. The cause of rouleaux formation could not bo 
determined since it occurred in both Rh-positive and Rh-negative diluent 
plasmas, whether that removed from the cells themselves or that obtained from 
another source. In addition, the routine use of plasma demands a constant 
source of blood of Group AB (in order to avoid isohemagglutinin reactions if A 
or B test cells are used) and of the Rh- negative tj^ie (because the possibility of 
soluble Rh substance in plasma from an Rli-positive donor causing reduction or 
neutralization of Rh antibody in the serum being tested must be avoided) . These 
objections to the use of plasma were of sufficient magnitude to make it desirable 
to seek a better suspension medium for test cells. 

The following materials were tried as diluents for red cells: (1) albumin, 
human crystalline, (2) albumin, bovine crystalline, (3) gelatin, (4) methyl 
cellulose, (5) polyvinyl alcohol, and (6) dextrose (only because of its viscid 
nature). The anti-Rh sera for testing were selected because they had no 
demonstrable free agglutinin (against a saline suspension of test cells) but did 
have a high titer of “blocking,” or inhibitor, .antibody (demonstrated by the 
tube blocking test) . The test cells consisted of twice-washed Group 0 Rhi, Rh;, 
and Rh-negative cells in 2 per cent suspension in each of the diluents. One 
drop of undiluted serum was placed in each of a number of small test tubes ; 
two drops of the test cell suspensions in their respective diluents were added to 
each tube. The mixture was then shaken, incubated in a water bath at 37° C. 

, for one hour, centrifuged at 500 r.p.m. for one minute, and read macroscopically. 
Negative reactions were confirmed microscopically. Parallel tests, using a 
saline and a plasma diluent, also were set up at the same time. The results 
with Rhi cells only (Rhs cells reacted in a similar way and, therefore, are not 
included in this protocol) are shown in Table .III, 


JWK, ‘yhJs appears to be due not to the saline content but to the water content. However, 
electrolyte must be used In order to mevent hemolysis of cells. 
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table hi. The, Action of Anti-Bh Blocking ANTiBODy on Eh + Cells Suspended in 

Various Media ■ 

(Blocking Antibody, Anti-Eh,,) 


WASHED TEST CEI/LS 


DILUENT MEDIUM FOR T EST CELLS 

Saline 

Plasma 

Human albumin (25%) 
Bovine albumin (30%) 
Gelatin 

Methyl cellulose 
Dextrose 
Polyvinyl alcohol 


■ GROUP o, rIi, 
0 

+ + + 
+++± 
++++ 

+ ++ 4 -*^ 
+++*' 

0 

0 


GROUP 0, Rll NEGATIVE 
0 
0 
0 
0 

+ + ±* 

+ + +* 

0 

b 


•Alattins and asrulutination — cell damage. 


The albumins, human and bovine, as suspension media for Kh-positive cells 
not only permitted clumping with “blocked” sera equal to that obtained vdth 
plasma, but in addition gave firmer and more distinct aggregations. Further- 
more, the tendency to rouleaux formation was never encountered in the use of 
these materials. Eeactions in bovine and in human albumin were equally 
-satisfactory; as a result, the former was used in all of the succeeding experi- 
ments because of its greater availability and lower cost. Our experience ivith 
the use of albumin as a diluent has indicated that its greater density requires 
slightly more prolonged centrifugation in order to produce a satisfactory cell 
button at the bottom of the tube ; 500 r.p.m. for two minutes has been found 
adequate. 

No effect whatever was demonstrated by use of dextrose or polyvinyl alcohol. 
Gelatin and methyl cellulose caused a matting and clumping of Rh-positive 
and Rh-negative cells alike, although the clumping in 5 per cent gelatin was 
rather more intense with Rh-positive cells than with Rh-negative cells, which 
might be significant if other conditions such as pH, for example, were controlled. 
This substance, however, was extremely difficult to handle in view of its tend- 
ency to solidify at room temperature. 

Attention was given next to the problems of optimum concentration of 
albumin, the effects of dilution upon its action ivith “blocked” anti-Rh sera and, 
in addition, the optimum concentration of test cells required. Dilutions of 30, 
20, 15, 10, 5, and 2 per cent bovine albumin were made up. The upper level 
of 30 per cent was chosen because this is the maximum concentration of the 
commercial product available and above this the viscosity of the medium be- 
comes objectionable. The technique of tube testing was that described phis 
the additional centrifuging. A typical result of these experiments is given in 
Table IV. It is apparent that albumin at a concentration of 10 per cent fails 


Table TV. The Effect op Varying Concentrations of Albumin on the Eh Blociung 

Antibody-Antigen Eeaction 
(Blocking Antibody, Anti-Eh„) 


- - — — — . ■ II.-- 



concentration of bovine 
albumin diluent fop. 
test cells 
f%) 

group 0 , nil. 

group 0, Rh, 

1 group 0, 


30 

• ++++ 

+ + + + 

20 

+++± 

+++•1- 

15 

-(-+± 

++++ 

10 

0 

0 

++± 

0 


Rh NEGATIVE 

"O ~~ 
0 
0 
0 
0 
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to permit clumping of Rlu test cells in this “blocking” serum, while a concentra- 
tion of 35 per cent gives positive, though somewhat weak, reactions. Twenty 
per cent albumin, however, yields uniformly good reactions, and further experi- 
ments with many such “blocked” sera have corroborated this finding. When 
a cell diluent of 20 per cent albumin is used with this technique, it will be seen 
that the albumin content of tbc uhole system in the tube falls to 13 per cent, 
ignoring the content of the original test serum. In repeated testing, this level 
of albumin concentration was found to be the critical point, below wiiicli re- 
actions were weak or absent and above which they were uniformly strong.* 
The determination of optimum concentration of test cells in albumin was decided 
by the trial various concentrations from 2 to 50 per cent of washed cells in 
20 per cent albumin. All of these concentrations demonstrated equally good 
agglutination response to the antibody, although the 2 per cent suspension 
proved easier to prepare, handle, and read. For these reasons it was selected 
for use in the succeeding experiments. 



rie. 1. — The rate of reaction of Rh-nositlve red cells In albumin and In plasma with Rh anti- 
body of the ••blocklnE" type 


The rate at which the antibody-antigen reaction takes place in plasma and 
m albumin was considered next. Two per cent suspensions of waslied Rhi cells 
in plasma and in 20 per cent albumin were set up; one series of each was studied 
at 37° C., another at room temperature. The degree of reaction was read at 
one, five, ten, fifteen, thirty, and sixty minutes. The usual technique of incuba- 
tion and centrifugation was used. The results of this experiment are shown 
m Fig. 1. Agglutination in the incubated albumin system was macroscopically 
■'■isible in one minute, reaching completion between fifteen and thirty minutes. 
The albumin system at room temperatui’c and the incubated plasma system 
showed similar rates of agglutination, reaching the stage of maximum agglutina- 
tion between thirty and sixty minutes ; the reaction in the plasma system at room 
temperature was still incomplete at sixty minutes. For routine technique, from 


The addition of albumin does not merely replace a deficit of albumin In the "blocking" 
since albumin-globulin ratios in agglutinating and in "blocking" Rh antisera are within 
normal rangp. 
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five to ten minutes in albumin and from fifteen to thirty minutes in plasma, at 
37° G., yield valid and unmistakable results. , ' ’ . 

The effect of varying salt concentrations in the diluent media also was 
studied. Elliott® reported that anti-A and anti-B agglutination are enhanced 
by hypertonic sodium chloride concentrations in the test' tube. Accordingly, 
Rh-positive cell suspensions were made up in three varieties of bovine albumin, 
hypotonic, isotonic, and hypertonic, and tested against a known “blocking” 
antibody. The hj'potonie albumin system caused some swelling and hemolysis 
of test cells, and in addition the agglutinates were soft and difficult to read. On 
the other hand, the hypertonic and isotonic systems gave completely, satis- 
factory results, the former causing slightly better agglutination than the latter. 

A further experiment demonstrating that albumin is a satisfactory medium , 
for the agglutination of Rh-positive cells by the inhibitor type of Rh antibody 
was carried out on a suggestion by Dr. Neva M. Abelson. Two drops of 2 per 
cent suspension of Rh-positive test cells in saline were “blocked” by the ad^tion 
of one drop of antibody of a known inhibitor type. (Complete “blocking” was 
demonstrated by the tube method).’ The saline supemate was then withdrawn 
and replaced by two drops of 20 per cent bovine albumin. The mixture was 
shaken, allowed to stand at room temperature for five minutes, then centrifuged 
at 500 r.p.m. for two minutes, and I’ead. Complete agglutination of the pre- 
viously blocked cells had taken place, indicating that the presence of albumin 
had brought about a change in the test cells by which they were able to form 
agglutinates. This finding suggests a practical modification of the ordinary 
anti-Rh tests carried out in a tube with a saline suspension of test cells — if no 
agglutination of the saline suspension of test cells occurs (the reaction previously 
reported as negative), the supernatant saline is removed and replaced .by al- 
bumin, the mixture allowed to stand at room temperature for five minutes,, 
then it is re-centrifuged. The formation of agglutination in this new albumin 
system wall prove the presence of inhibitor antibody in the unknoum serum. 
Such a technique avoids the need for carrjdng out the tube “blocking” test, 
which requires the addition of another serum. Also it is economical in the. 
amount of albumin used. 


Having demonstrated the satisfactory elimination of “blocking” effect of 
Rh inhibitor antibody by the use of 2 per cent suspension of washed test cells 
in a diluent medium of 20 per cent albumin (human or bovine) of isotonic or 
slightly hypertonic salt concentration, a group of twenty Rh anti-sera, all con- 
taining inhibitor antibody, and some containing ordinary or early anti-Rh 
agglutinin as well, was studied by this technique. Each serum was tested with 
a 2 per cent suspension of washed Rlu, Rhj, and Rh-negative test cells in saline, 
plasma, and 20 per cent bovine albumin, respectively. In some eases additional 
tests were done with Rh' and Rh" cells. The results showed without exception 
that albumin and plasma diluents demonstrated, by agglutination of the test 
cells, the presence of antibody where it failed to react in the presence of saline 
diluent. Furthermore, the albumin suspensions gave stronger reactions than 
did plasma and were completely free from any rouleaux-like formation so fre- 
quently encountered in plasma. No reactions were seen which were not com- 
patible with Wiener’s classification of the Rh series." Interpretation of the com- 
bined reactions of ceU suspensions using red cells of different subtjqjes, in saline 
and in albumin made it possible to determine in every ease the specificity oOhe 
inhibitor antibody and of the simple agglutinin (if pr<^ent . An Table V is 
demonrirated a typical experiment by which the type of blocking antibod. 
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Tatjlf. V. The Detehminatios' or the SrECincrrY or Rii Antibody (Bbockinc and 
Agolutinik) dy the Reactions op Test Cells Sospended in Saline ' 

AND IN ALITOMIN 

( Antibody- A ooLUTiNiN, Anti-Rii'j and Blocking, Anti-Rit„) 




WASHED TEST CELLS 



r \ 1 

1 Kl>, 

1 rJi' 

1 Rh NEGATIVE 

2 per cent cells in saline 

+ + -f-+ 

0 

+++-+ 

0 

2 per cent cells in albumin • 

Solid 

-f+++ 

Solid 

0 


, may be specified. This serum shows agglutinin of type anti-Rh', since agglutina- 
tion I?h' and RHi cells occurs in the saline suspension. However, agglutination 
of Rhs cells in the albumin sj’stcm, but not in the saline, is evidence of the pres- 
ence of a “blocking” antibody of specificity anti-Rho. This scnun, therefore, 
is of the variety anti-Rho' (87 per cent) with inhibitor of the Rho type. Such . 
a scrum is commonly used in routine laboimtory testing (in saline suspension) as 
the 70 per cent or anti-Rh' senim. “Blocking” antibodies in the group of sera 
tested were predominantly of tlic anti-Rho type, although two cases demon- 
strating inhibitor antibody of both Rh® and Rh' specificity were encountered. 

Titrations of the three combinations of Rh antibody, i.e., simple agglutinin, 
combined “blocking” and agglutinin, and pure “blocldng” antibody were 
carried out, the diluent media for test cells and antibody being saline and 20 
per cent bovine albumin in each case. The results are shown, in Table VI. 

Table Vl. Tituation of Ru antibody of the Vahious Types ’With Eii-Positivb Cells, in Saline 
AND IN Albumin Systems 


A. AgfflxiUnxn Only 

(Wasued Test Cells, Gnour Q, Rii,; Antipody-Acolutinin, Anti-Rii^\ Only) 

dilutions I l;i } 1;2 | riTs"^! 1 ;16 1 1 ;32 ) ;G4 1 1';128| 1 ;256) 1 ;512) 1 ;1024 1 1;204S 

-7o cells ia saline Solid ++++ ++++ ++++ +++ +t Trace 0 0 

(serum dilated in 
saline) 

27o celU In albumin Solid Solid ++++ ++++ ++++ ++i ++ Trace 0 

(scrum diluted in 
albumin) 

B . AggluUnin and Blocking 

. (Wabhed Test Cells, Group 0, Rii,; Antib qdy-Acglutinin, Anti-RiP ; and Blocking, Anti-Kh„) 

-7o cells in saline ++ +++ ++ Trace 000000 0 0 

(Jenitu diluted in 
saline) 

'7o cells in albumin Solid Solid Solid Solid ++++ ++++ ++++ ++++■ ++ + Trace 0 

(senna diluted in 
albumin) 

C. Blocking Only 

(Washed Test Cells, Group O, Rn,; Blocking Antidqdy, Anti-RiIq) 

cells in saline 0 00000000 

("erum diluted in 
*3i/no) 

■7o cells in albumin Solid Solid ++++ ++++ ++++ +++ Trace 0 

(fcrum diluted in 


From these findings it may be concluded that Eh-positive test ceils in saline 
and in albumin diluents give the same type of reaction with the simple or early 
agglutinating antibodies; in the presence of inhibitor antibody alone the test 
aclls in saline arc “blocked,” whereas in albumin they are agglutinated. 'When 
both types of antibody are present, their respective titers are indicated by an 
and point of agglutination in the saline system different from that in the albumin 
aystem. By such parallel titrations it is possible to determine the relative 
nmoimts of agglutinin and/or inhibitor antibody with considerable a> - 
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^ During these experiments a number of animal anti-Rh sera,, produced by 
repeated injection of rhesus cells into guinea pigs, were titrated by, the parallel 
saline and albumin medium method. One of these sera, previously rather un- 
satisfactory for routine use and readable only by the appearance of the cell 
button, showed a significant amount of inhibitor antibody, giving a markedly 
stronger reaction in albumin than in saline. A protocol of this experiment is 
shown in Table VII. It will be noted that the saline series shows a “prozone” 
effect which in our experience may be indicative of the presence of inhibitor anti- 
body. This finding may explain the difficulties that have, been encountered in 
the use of immune anti-Eh sera of animal origin. Such animal sera used with 
cells suspended in albumin may now yield entirely satisfactory results. 


Table VII. Comparative Titrations op Immune Guinea Pig Anti-Eh Antibody in 

Saline and in Albumin Media 

(Washed Test Cells, Group 0, En,; Anttbody, Immune Guinea Pig Serum) 


DHaUTIONS of serum 

1 111 1 

1:2 

1 1:4 1 

1:8 

1 1:16 1 1:32 | 1:64 

2 % cells in saEne 

(sei-um diluted in saline) 

Trace 

+ 

-t± 

+ 

Trace 0 0 

2% cells in albumin 

(serum diluted in albumin) 

.Solid 

-!-+++ 


++ 

•f± Trace 0 


The following presents an interesting case illustrative of the value of 
albumin in permitting agglutination of Rh-positive cells bj^ anti-Rh inhibitor 
antibody when saline suspensions of test cells had repeatedly yielded negative 
results. 

The patient, a woman 60 years of age, had lost her last three infants with 
jaundice, anemia, and edema, the last (stillbirth) being thirty years previousljo 
No further pregnancies or transfusions had occurred in the intervening years. 
Because of the particular interest of tlie patient and her physicians in proving 
serologically that Rh inedmpatibility had caused erythroblastosis and death of 
the infants many years ago, blood studies were carried out recently on several 
occasions. The patient’s red cells were Eh negative, tlie serum showed no 
anti-Rh agglutinins when tested repeatedly against all subtypes of Rh-positive 
cells suspended in saline solutions. The tube test failed to identify “blocking” 
antibodies. The slide test, however, was positive, yielding a slow +± 
(1% plus) reaction. Tests of the serum with washed Rhi and Rho cells suspended 
in albumin showed definite 4 plus agglutination, and titration of the serum, 
diluted serially in albumin and tested against Rh^ cells in albumin, showed an 
Rh antibody titer of 1:8, which was “blocking” antibody since a parallel 
titration in the saline diluent showed no reaction; The specificity of the in- 
hibitor or “blocking” antibody was anti-Rh„. This case demonstrates the sensi- 
. tivity and certainty of results achieved by these newer testing methods for detec- 
tion of Rh immunization. It also proves the long duration of permanence of such 
antibodies (“blocking” type) ; in this instance, thirtj- years post partum. 


SUMMARY 

The experiments described have followed a program of study of the action 
f anti-Eh antibodies, especially those designated as “blocking” or inhibitor 
ntibodies and their behavior toward Rh-positive cells suspended in various 
ledia It has been recognized for a considerable time that certain types of Kn 
ntibody although Imown to be present, cannot be demonstrated readily by the 
nbe a<-gWination of test cells suspended in saline, thus making the o^di" • 
nti-Eh determination sometimes difficult and often inconclusive. The demon- 
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stration by Diamond and Abolson that these ^‘blocking” sera would cause 
agglutination, on a slide, of Rh-positive whole blood provided the direction in 
which the experiments were aimed. 

As reported elsewhere, in experiments involving the sensitization of Rh- 
negative subjects and in studies of sensitization of Rh-negative women by re- 
peated pregnancies, it has been found that the simple anti-Rh agglutinin which 
produces clumping of Rh-positive cells in saline diluent is the first to appear 
and may therefore be called the early agglutinin or immature antibody. After 
repeated stimulation of experimental subjects or following multiple pregnancies 
in some women, inhibitor or ‘^blocking” antibody appears. TJiis may therefore 
he called the late, mature, or complete antibody. 

Anti-Rh antibody, whether of llie early, immature type or of the mature, 
late (“blocking”) type, has been shown to react specifically with Rh-positive 
test cells in the test tube by the formation of clumps when a 2 per cent sus- 
pension of such cells in 20 per cent albumin is used. The degree of reaction, as 
manifest by the solidity of agglutinates, is considerably enhanced over that 
which occurs in .saline suspensions, and in addition no inhibition of agglutination 
occurs when “blocking” or late antibody is present. Fiuthermore, serial dilu- 
tion titrations of Rh antibodies rcgardlo.ss of the type (agglutinin, combined 
flSglutinin and “blocking,” pure “blocking”), using 20 per cent bovine albumin 
in one scries and saline in another as diluent for both antibody and test cells, 
will demonstrate the iclativo amounts of agglutinin and of “blocking” antibody. 

A modification of the tube anli-Rh test, involving the use of albumin in 
eliminating “blocking” clTcct, is proposed. This modification consists of the 
removal of supernatant saline in those anti-Rh tests which appear to be negative 
and replacement of this saline supernate by an equal amount of 20 per cent 
albumin. If any Rh antibody is present, agglutination of the previously non- 
reactive test cells will occur at room temperature within a few minutes. 

• The different behavior of Rh-positive cells of the various subtypes '(Rho Rh', 
^h") in saline and in albumin media toward Rh antibodies of the inhibitor type 
provides a metliod by which the specificity of such “blocking” antibodies may 
readily be determined. This technique is appreciably simpler and the results 
more cloar-cut than the “blocking test” of Wiener. 

No nonspecific effects of albumin have been cncoiuitered nor any behavior of 
^Ih antibody with test cells not in keeping with the present classification of the 
Rh series. However, it should be kept in mind that if albumin is unavailable, 
plasma or serum which lias been tested as free of nonspecific effects may be used 
for the tests de.seribed here. 

As a result of these studies, as well as of observations during sensitization 
f’n the time relationship of the appearance of the simple agglutinating antibodies 
(active in saline suspensions of Rh-positivc cells) and the “blocking” antibodies 
(inactive in saline but active in albumin), it scorns advisable to consider more 
descriptive names for these two forms of the Rii antibody. The terms “early, 
or immature, antibody” would seem to apply to that causing agglutination in 
sJiHne suspensions, whereas “late, or mature, antibody” is more descriptive of 
Ihe “blocking” antibody which is recognizable only in albumin or plasma media 
^nd is associated wth more severe or prolonged sensitization. 

Tlie use of albumin as a suspension medium for red cells has proved the 
Potency of many sera previously discarded as containing little or no agglutinin 
ond useless for laboratory determination of the Rh factor. Such sera may now 
become useful. This applies to some of the immune sera produced in guinea 
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pigs and other animals. A method for making many discarded sera valuable 
for, routine use, even with saline suspension of red cells, is described in'another 
communication. 

Finally, as pioved repeatedly in this laboratory and as described herewitli 
in an illustrative case, an albumin suspension medium for test cells can readily ■ 
detect weak agglutinins of the mature or “blocking” tj^pe in individuals who, 
have been sensitized many years previously. 

CONCLUSIONS 

A series of experiments demonstrating the action of Rh antibodies on Rh- 
positive cells suspended in various media has been described. Inhibition of 
agglutination of Rh-positive cells by the so-called “blocking” antibody does not 
occur in the presence of plasma or albumin. Because of its freedom from, non- 
specific effects, albumin has proved the most satisfactory suspension medium for 
test cells. Bovine acts similarly to human albumin and is, at present, consider- 
ably cheaper. It is important that the albumin content be added in a concentra- 
tion above 13 per cent. The evaluation of early or immature antibody and of 
late or mature antibodj'^ is possible by comparative titrations in saline and in 
albumin systems. 

REFERENCES 

1. Eace, B'. B. : An ‘‘Incomplete!’ Antibody in Human Serum, Nature 153: 771, 1944. _ 

2. Wiener, A. S. : A New Test (Blocking Test) for Eh Sensitization, Proc. Soc. Exper. Biol. , 

& Med. 56: 173, 1944. 

3. Diamond, L. K., and Abelson, N. M.: The Detection of Eh Sensitization: Evaluation of 

Tests for Eh Antibodies, J. Lab. & Clin. Med. SO: 668, 1945. 

4. Diamond, L. K., and Abelson, N. M.: The Demonstration of Aati-Eh Agglutinins; An 

Accurate and Eapid Slide Test, J. Lab. & Clin. BIed. 30: 204, 1945. 

5. Wiener, A. S.: Proc. New York Acad. Sc., May 18, 1945. 

0. Elliott, J. : Proc. New York Acad. Sc., May 18, 1945. 

7. Wiener, A. S.: Nomenclature of the Eh Blood 'Types, Science 99: 532, 1944. 


' A CLINICAL EVALUATION OP THE COPPER SULFATE METHOD FOR 
MEASURING SPECIFIC GRAVITIES OP WHOLE BLOOD AND PLASMA 

John Atchley, M.D., Robert Bacon, M.D., George Curran, M.D., 

AND Kirk Dawd, IM.D. 

New York, N. Y. 

A SIMPLE metliod for determiuing hemoglobin, hematocrit, and plasma 
protein values has recently been proposed bj’ Phillips and co-workers.^’ ■ 
These values are derived from the specific gravities of whole blood and of plasma 
or serum with the assistance of line charts. The specific gravities are determined 
by the use of a series of copper sulfate solutions of graduated density which are 
readily prepared from a stock standard solution. The whole process requires 
no complicated apparatus and is easily adaptable to either laboratory or field 
work. The present study was undertaken to test the clinical applicability of t is 
'newly devised tecluiique in a general hospital. 

^ the Department of Medicine, College of Phy..icians and Surgeons. Columbia Unl- 
vensitj' and the Presbyterian Hospital. 

Beceived for publication, Aug. 2, 1945. 
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Number of Tests for Wliicli the Standard Copper Sulfate Solutions Map Be 
Used. — Solutions of copper sulfate Averc prepared as directed by Phillips and 
associates in volumes of 50 c.e. with specific gravities ranging from 1.008 to 1.075, 
graduated in units of 0.002. The specific gravities within the range of 1.020 to 
1.030 were measured by the gradient tube method of LinderstrfSm-Ijang’ as 
applied by Lowu'y and Hastings* and showed a maximum deviation from the ex- 
pected values of +0.0004 (Table I). 

Table I. . iJETEauiN.vnoK, in Gr..\DiEST Tube, of the Specific Gf-avities of Cofpep. Sulfate 
Solutions, Befop.e and Aftef. Addition of GO Daors of Plasma to ' 

50 C.C. OF E-acii Solution 


EXPECTED 

SPECIFIC 

GP.AVrrY 

1 SPECIFIC GRAVITY FOUND BY GRADIENT TUBE ] 

CHANGE CAUSED BY 
ADDITION OF 
PLASMA 

UNU.SED 

SOLUTION 

SOLUTION APTEP. RECEIVINO 
PLASMA 

1.0200 

1.0204 

1.0109 

-9.0005 

1.0220 

1.0222 

1.0219 

-0.0003 

1.0240 

1.0242 

1.0235 

-0.0007 

1.02G0 

1.0QG4 

1.0250 

-O.OOOS 

1.0280 

1.02S3 

1.02S1 

-0.0004 

1.0300 

3.0301 

1.0299 

-0.0002 

^RRrlTSSBJCTfiaai 

■■■■■■■■ 

■■■■■■■■■■■ 

-0.0005 


A duplicate set of solutions, to each of which 50 drop.s of plasma had been 
added, wa.s similarly chccUed by the gradient tube, and the average lowering 
of the specific gravity of the copper sulfate solutions, caused by adding one drop 
of plasma per cubic centimeter of solution, was found to be 0.0005 (Table I). 
Under ordinary conditions each set of 50 c.c. copper sulfate solutions can bo 
used for determining the gravities of whole blood and plasma of about seventy- 
five blood samples without adding more than 50 drops to any one bottle. 

Constancy of Results. — The first requisite of a quantitative method is that 
it yield results which can be duplicated within definite limits of error by dif- 
ferent analysts. The copper sulfate method was tested in this respect by com- 
paring duplicate specific gravities of the same specimens of whole blood and 
plasma determined by two observers (Table II). 

Each specimen of blood in this work was dravni into a dry syringe. The 
greater part of the blood was delivered from the syringe into a hematocrit tube 
containing heparin. The e.xcess blood left in the syringe was used at once to 
determine the gravity of the whole blood. The plasma separated in the cen- 
trifuged hematocrit tube was drawn into another dry syringe and used to deter- 
mine plasma gravity. 

Prom the gravities, plasma protein and blood hemoglobin concentrations 
"■ere calculated by the following equations," in which Gr represents plasma 
gravity and Gn the whole blood gravity. Equation 3 is derived from Equation 2 
by substituting, for Gp, its mean normal value, 1.0264. 

1. Gin. protein per 100 c.c. of plasma = 389.6 (Gp-1.0079). 

' 2. Gm. hemoglobin per 100 c.c. of blood = 33.9 

3. (Approximate hemoglobin from ffravity of ’whole blood alone) 

Qm. hemoglobin per 100 c.c. of blood =: 4S0 (Gb-1.0264) 

100 (Qb-Gp) 

4. Hematocrit (c.c. cells per 100 c.c. blood) = “i^0970-^p 

These calculations can be made graphically by the line charts of Phillips ana 
sssoeiates.'* * 
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OF Plasma and Blood Specific Gravities, and the C!orresponding 
Plasma Protein and Hemoglobin Concentrations^ as Determined With the Copper 
Sulfate Method by Two Observers on the Same Specimens (Blood Samples 
Drawn Prom Unselected Cases on Medical Wards) 


case 

specific gp^vity of 

TraOLE BLOOD 

SPECIFIC GRAVITY OF 
PLASMA 

PLASMA PROTEINS 
(GM. PEP. 100 C.C. 
PLASMA) 

1 HEMOGLOBIN 
(GM. PER 100 C.C. 
BLOOD) 

ANALYST 

C 

analyst 

D 

ANALYST 

C 

ANALYST 

D 





1 


1.0520 

1.0265 


7.23 

7.23 

12.42 

12.25 

' 2 

1.0513 

1.0510 

1.0290 

1.0295 

8.21 

8.40 

■ 11.12 

10.80 

3 

1.0565 

1.0560 

1.0270 

1.0265 

7.43 

7.23 

14.28 

14.18 

4 

1.0565 

1.0565 

1.0305 

1.0303 

8.79 

8.71 

13.24 

13.25 

5 

1.0532 

1.0530 

1.0280 

1.0280 

7.81 

7.S1 

12.38 

12.28 

6 

l.UboU 

1.0530 

1.0300 

1.0305 

8.59 

8.79 

11.64 

11.47 

7 

1.0492 

1.0498 

1.0232 

1.0235 

5.96 

6.07 

11.94 

12.14 

8 

1.0610 

1.0600 

1.0420 

1.0428 

13.28 

13.59 

11.72 

10.77 

9 

1.0543 

1.0540 

1.0280 

1.0277 

7.81 

7.70 

12.92 

12.86 

10 

1.0620 

1.0620 

1.0280 

1.0278 

7.81 

7.74 

16.72 

16.76 

11 

1.0500 

1.0497 

1.0283 

1.0277 

7.93 

7.70 

10.55 

10.70 

12 

1.0587 

1.0593 

1.0305 

1.0308 

S.SO 

8.90 

14.37 

14.49 

13 

1.0542 

1.0545 

1.0260 

1.0258 

7.04 

6.97 

13.46- 

'13.66 

14 

1.0367 

1.0365 

1.0232 

1.0235 

5.96 

6.07 

6.19 

6.00 

15' 

1.0545 

1.0543 

1.0271 

1.0290 

7.47 

8.20 

13.29 

12.60 

16 

1.0651 

1.0655 

1.0288 

1.0285 

.8.13 

8.01 

18.05 

18.31 

17 

1.0558 

1.0558 

1.0268 

1.0270 

7.36 

7.43 

14.00 

13.95 

IS 

1.0577 

1.0575 

1.0310 

1.0305 

9.00 

S.SO 

13.72 

13.76 

19 

1.0582 

1.0582 

1.0280 

1.0280 

7.82 

7.82 

14.84 

■ 14.84 

20 

1.0585 

1.0580 

1.0290 

1.0293 

8.21 

8.32 

14.71 

14.30 

■ 21 

1.0435 

1.0439 

1.0252 

1.0250 

6.73 

6.66 

8.64 

S.4S 

22 

1.0475 

1.0478 

1.0290 

1.0290 

8.20 

8.20 

9.22 

9.3S 

23 

1.0620 

1.0618 

1.0301 

1.0302 

8.63 

8.67 

16.16 

10.04 

24 

1.0522 

1.0516 

1.0273 

1.0270 

7.55 

7.43 

12.11 

11.91 

25 

1.0565 

1.0563 

1.0270 

1.0268 

7.43 

7.36 

14.28 

14.24 

26 

1.0552 

1.0552 

1.‘0272 

1.0272 

7.50 

7.50 

13.59 

13.59 

27 

1.0528 

1.0530 

1.0260 

1.02G0 

7.04 

7.04 

12.80 

12.8.0 

28 

1.0495 

1.0490 

1.0275 

1.0275 

7.73 

7.63 

10.73 

10.49 

29 

1.0603 

1.0600 

1.0281 

1.0283 

7.84 

7.93 

15.85 

15.04 

30 

1.0588 

1.0590 

1.0282 

1.0282 

7.90 

7.90 

15.07 

15.17 

31 

1.0.520 

1.0523 

1.0277 

1.0280 

7.71 

7.82 

11.88 

11.95 

32 

1.0590 

1.0585 

1.0280 

1.0276 

7.82 

7.66 

15.24 

1.5.19 


1.0585 

1.0588 

1.02S7 

1.0288 

8.10 

8.13 

14.80 

14.02 


1.0421 

1.0421 

1.0198 

1.0197 

4.63 

4.60 

9.75 

0.82 

35 

1.0443 

1.0440 

1.0270 

1.0261 

7.43 

7.08 

8.38 

8.56 

36 

1.0587 

1. 0585 

1.0272 

1.0270 

7.50 

7.43 

15.30 

15.25 


1.0582 

1.0.582 

1.0282 

1.0282 

7.90 

7.90 

14.78 

14.78 

38 

1.0605 

1.0603 

1.0275 

1.0279 

7.62 

7.78 

16.10 

15.00 

39 

1.0523 

1.0525 

1.0260 

1.0264 

7.04 

7.20 

12.56 

12.53 

40 

1.0505 

1.0508 

1.0254 

1.0255 

6.81 

6.S4 

n.ss 

11.04 

41 

1.0491 

1.0490 

1.0230 

1.0227 

5.SS 

5.77 

11.85 

i2.on. 

42 ' 

1.0642 

1.0642 

1.02S3 

1.0282 

7.94 

7.90 

17. 7o 

17.75 

4n 

1.0568 

1.0568 

1.0255 

1.02.58 

6.85 

6.96 

14.84 

14.76 

44 

1.0507 

l.OoOj 

1.0301 

1.0301 

8.63 

8.63 

10.44 

10..33 


1.0411 

1.0414 

1.0228 

1.0228 

5.81 

5.81 

8.36 

s.sn 

46 

1.0377 

1.0375 

1.0210 

1.0208 

5.11 

5.04 

7.45 

7.4R 

47 

1.0515 

1.0515 

1.0255 

1.0256 

6.S5 

6.S9 

12.33 

12.33 

4S 

1.0580 

. 1.0583 

1.0275 

1.0275 

7.62 

7.62 

14.87 

15.02 

49 

1.0584 

1.0582 

1.0273 

1.0270 

7.55 

7.43 

15.13 

15.32 

50 

1.0572 

1.0575 

1.0249 

1.02.50 

6.61 

6.65 

15.18 


Mean 

0.0003 

0.0602 

o.ns 


0.12 



dif- 


ference 

Maximal 

dif- 

ference 


0.0010 


0.0000 


0..12 


0.9.5 


0.0006 


O.OOOS 


0.27 


' 0.32 


96 per cent 

of duplicate? ^ 

ofthe plasma gravities in this case. 
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The agl'cemcnt of results obtained by different analysts was close enough 
(Table II) to demonstrate that the copper sulfate method provides the required 
degree of constancy for clinical work. 

Coviparisoii of I^csitUs by the Copper Sidfaic Method With Results by the 
Sarhour Falling Drop Method. — TIic metliod of Barbour and Hamilton^ has 
•been in use for a number of years for estimating the specific gravitj’ of plasma, 
and its accuracy has been satisfactorily demonstrated. In Table III results by 
this method applied to a number of plasmas are compared witli results by tlie 
copper sulfate method. The agreement between the two is practically as close 
as the agreement between duplieatos by either method. 


Table III. CoMPAmsoN or Pi-ASiiA PnormN Coxcentkatjons Calculated Feom Ghavities 

DETERinXED BY THE COPPIT. SULFaTE METHOD AND THE BARBOUR FALLING 

Dnor Method, Respectively 


CARE 

1 PLASMA PROTEINS (Oll. PER 100 C.C.)* 

i IT.Oil GRAVITY BY CllSO, METUODt } FROM 

1 ^ ! 

: GRAVITY BY B.Vr.BOtJr. METHOD 

b 

1 



7.2 


7.1 


2 



S3 


8.3 


4 



fc\S 


S.9 


f) 



S.7 


8.5 


S 



13.4 


13.4 


. 18 



8.9 


8.P 


22 



8.2 


S.S 


27 



7.0 


7.3 


25 



7.7 


7.7 


34 



4.G 


4.D 


.3(1 





7.5 


38 



7.7 


7.8 


40 



G.S 


0.7 


•Protein values from cravlUcs by both methods arc colcxilatcd as 



Om. protein per lOO c.c. = 383.C 

; (Gp - 1.0079). 



tSIean of analysis C and D, Table 11 




Comparison of Serum Protein Concentrations 

Calculated From Copper 

Sulfate Gravity Determination With Protctiis Determined hy Kjetdahl Analysis. 

—The results of this eompnrisoii arc given in Table IV. The micro-Koeitlahl 

analyses were done with distillation and titration of the ammonia, 

the protein 

Table iv. 

COMPAP.ISON OF 

Serum Protein 

Concentrations Calculated From SBEcinc 

GR-Vvities by the Copper Sulfate SIethod With CoNCDNTr.ATioNS Determined by 




Micro-Kjeldahl analysis 




1 SERUM PPvOTEINS 

1 OTHER BLOOD CONSTITURNTS 


i FROSt GRAVITY I 

FROM 

DIFFERENCE, 

1 




BY CUSO, 

KJELDAHL 

QRAVITY MINUS 

PLASMA ' 

BLOOD UREA 



METHOD* 1 

NITROGEN 1 

KJELDAHL i 

GLOBULINS, 1 

NITROGEN 

case 1 


(OM. PER 1 

1 (GM. PER 1 

(CM. PER I 

1 (OM. PER j 

1 fMG. PET. 

_CTable ii") I 


100 C C.) 1 

100 C.C') 1 

100 r C.) 1 

1 100 c.r.) 1 

100 C.C.) 

i 


7.0 

7.1 

-0.1 

4.9 

5 

2 


S.l 

7.4 

+0.7 

3.6 

7 

4 


S.6 

8.1 

+0,5 

- 

36 

0 


8.5 

8.0 

+0 5 

.3.7 

D 

S 


13.2 

12.8 

+0.4 

9.2 

5 

18 


8.7 

9.0 

-0.3 

4.4 

3,3 



8.0 

7.6 

+0.4 

3.5 

6 

27 


fi.S 

7.0 

-0.3 

3.1 

31 

28 


7.4 

7.1 

+0.3 

3.3 

10 

34 


4.5 

5.3 

-0.8 

2.6 

14 

36 


7.3 

7.1 

+0.2 

4.0 

G 

38 


7.5 

7.0 

+0.5 

3.3 

11 

40 


6.7 

6.5 

+0.2 

4.5 

5 

44 


8.4 

8.6 

-0.2 

4.3 

11 

_ Moan ditron-noo, 


+0.15 




iy,X, tu case (Table IIi, In accordance -wiin tne siaiement oi r'nuuiJ 

‘'lat the gravity ot serum averages 0.0005 less Uian the Bravit^' ot plasma. 
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nitrogen being estimated as the difference between the total serum nitrogen 
and the nonprotein nitrogen and multiplied by 6.25 to calculate weight of 
protein. The nitrogen figures were available on serum, while the gravities were 
determined on plasma of the same blood specimens. However, the deviation of 
plasma, gravity from serum gravity is so small that correction for the difference 
can be made with a fair degree of aceuracj’", as stated by Phillips and co-workers, 
by subtracting 0.0005 from plasma gravity to obtain serum gravity. Prom the 
serum gravities thus obtained the serum proteins were calculated by Equation 1. 

In twelve of the fourteen cases, protein concentration estimated by gravity 
agreed within + 0.5 Gm. per 100 c.e., with protein estimated by Kjeldahl; in the 
other two cases the differences, gravity minus Kjeldahl, were -(-0.7 and -0.8 Gm. 
The gravity method appears to be adequate for diagnosis of hyper- and hypo- 
proteinemia. 


Accuracy of Hemoglohin Values Estimated From Gravities of Whole Blood 
Alone. — -For accurate estimation of hemoglobin from gravity values (Equation 
,2), it is necessary to use the gravities of both whole blood and plasma, since the 
hemoglobin calculation is based partly on the difference between these two values. 
However, as pointed out bj"- Phillips and associates,^ the effects of plasma gravity 
variations on the calculated hemoglobin values are usually small in comparison 
with the effect of whole blood gravity variations, so that in normal and most 
pathologic bloods approximate hemoglobin calculations can be made from whole 
blood gravity alone (by Equation 3) with the assumption that the plasma gravity 
has the mean normal value 1.0264. This procedure has the advantage that it 
enables one to make a bedside estimate of hemoglobin from finger blood. The 
results obtainable in clinical material are exemplified by the data in Table V. 
They show that in forty-seven of fifty cases the hemoglobin estimated from whole 
blood gravity alone was within 1.5 Gm. of the hemoglobin more exactly 
calculated from the gravities of both whole blood and plasma. In cases of hjqier- 
globulinemia, however, such as may occur in multiple myeloma, plasma proteins 
may be so high that a gross error is caused in hemoglobin calculated by Equa- 
tion 3. An example is Case 8, in which the plasma proteins v'ere 12.8 Gm. per 
100 c.c. (Table IV) instead of the assumed normal 7.2 Gm. The extra 5.6 Gm. 
of plasma protein caused a plus error of 4.7 Gm. in the hemoglobin estimated 
from whole blood gra^-ity alone. Except in such gross hyperproteinemia, which 
appears to occur in about 1 per cent of patients on medical wards,'^ it appears 
that the whole blood gravity by itself may be used for approximate hemoglobin 
estimations, reliable wdthin +2 Gm. per 100 c.c. 


Comparison of Hematocrit Values Calculated From Copper Sulfate Gravi- 
ties With Hematocrit Values Determined by Centrifuge. — The results of this 
comparison are given in Table VI. Phillips and co-workers specify for hemato- 
crit determinations centrifugation for sixty minutes at 3,000 r.p.m., with a 
radius of 18 cm. from the axis of the centrifuge to the center of the hematocrit 
tube. In the present analyses centrifugation was for the specified sLxty minutes 
at 3 000 r.p.m., but the radius wms shorter than 18 cm., so that the centrifugal 
force was less, and the cell columns obtained were somewhat longer. However, 
the ratio of column readings with the short-radius centrifuge to readings ob- 
minedTOth the standard 18 cm. radius was foimd to be constant and was applied 
to correct Abe observed readings. The centrifuge hematocrit values gn-en' m 
Table VI are those estimated for the standard conditions with a centnfuge of 

18 cm. radius. 
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point out that the gravity method is theoretically less accurate for hematocrits 
than for hemoglobin and that abnormality in erythrocyte speeifie gravity in- 
creases the error of gravity-estimated hematocrit values. Ashworth and Adams' 
found the mean deviation of gravity-calculated hematocrits from centrifuge 
hematocrits was three times as great in a series of pathologic bloods as in normal 
bloods. , , 

In the series of fifty-three eases listed in Table VI, fifty-one show gravity- 
calculated hematocrit values, in cells per 100 c.c. of blood, that are within ±4.4 


Table VI. Comparison of Hematocrits Estimated by the Copper Sulfate Method "With 
Hematocrits Determined by Centrifugation (Fifty-Three Cases) 



cuso< 1 

CENTRIFUGE | 



HEilATOCRIT j 

HEMATOCRIT I 

DIFfXRENCE 

CASE j 

a 1 

b j 

a-b 


A 

31.0 

29.6 

B 

34.9 

34.1 

C 

42.5 

39.4 

D 

47.2 

42.8 

E 

45.5 

42.8 

F 

12.0 

10.0 

G 

28.0 

25.4 

H 

30.9 

33.7 

I 

36.6 

38.3 

J 

40.3 

39.4 

K 

21.2 

22.8 

L 

38.0 

39.2 

M 

36.1 

33.3 

1 

36.4 

38.2 

2 

32.4 

35.8 

o 

O 

42.0 

41.6 

4 

39.1 

39.9 

5 

30.4 

37.8 

6 

34.1 

35.1 

7 

35.5 , 

36.6 

S 

34.7 

31.4 

9 

38.0 

38.6 

10 

49.4 

47.6 

11 

31.5 

33.2 

12 

42.6 

45.7 

13 

40.0 

39.5 

14 

18.0 

20.7 

15 

38.2 

39.2 

16 

53.6 

49.S 

17 

41.3 

40.6 

IS 

40.5 

42.1 

19 

43.7 

41.7 

20 

43.0 

43.6 

21 

22 

25.5 

27.4 

25.1 

30.2 

23 

47.5 

47.0 

24 

35.4 

36.1 

*^5 

42.1 

41.6 

26 

27 

- 40.1 

38.2 

39.1 

40.5 

2S 

31.3 

30.0 

2D 

46.5 

44.6 

30 

31 

S3 

34 

35 

36 

38 

39 , 

40 

41 

42 

44.6 

35.1 

43.9 
: 28.9 

25.0 

45.1 

47.2 

37.0 

35.3 

35.2 

52.3 

■ 35.2 

43.3 

44.3 

30.2 
25.1 
46.7 

43.4 

39.6 

35.3 

36.4 

50.6 


Meaa difference 

Standard deviation from mean 

Deviations under ± 4.0 e.e. in 


difference 

fifty of flfty-three cases. 


+ 0.4 
+ 0.8 
± 3.1' 
+ 4.4 
+ 2.7 
+ 2.0 
+ 2.6 
- 2.8 

- 1.7 
+ 0.9 

- 1.6 
- 1.2 
± 2.8 


- 1.8 

- S.4 
+ 0.4 

- O.S 

- 1.4 

- 1.0 
- 1.1 
+ .3.3 
- 0.0 
+ 1.8 

- 1.7 

- 3.1 
+ 0.5 

- 2.7 

- 1.0 
+ 3.8 
+ 0.7 
- 1.6 
+ 2.0 
- 0.6 
+ 0.4 
- 2.8 
+ 0.5 

- 0.7 
+ 0.5 
+ 1.0 

- 2.3 
+ 1.3 
+ 1.9 
+ 9.4 

- 8.2 

- 0.4 

- 1.3 

- 0.1 
- 1.6 
+ 3.8 
- 2.0 

0.0 
- 1.2 
4- 1.7 
+ O.OG 
± 2.6 
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c.c. o£ the values dclcmincd by ccutrKuge and could be considered usable for 
ordinary clinical purposes. In the other two cascs^ however, the deviations were 
too great; namely, -fD and -8 c.c,, respectively. 

If the small proportion (4 per cent in our series) of patients with abnomali- 
ties like these two are excluded by preliminar}' comparisons of gravity and cen- 

Table YII. Cour.AnisoN's or Red Blood Cell Counts As DEXEnsiLVED by Dibect Chamber 
CorxT AND As Estimated From the Hcmoclodin* Determined by the Copper Sulpate 
Method; Dotlicate Determinatioks Done by Different Observers (Figures for 
Counts Represent itiu.ioNs op Cells Pep. Cubic Millimeter) 


1 

CAKE j 

P.JI.0 

i 

1. CHAMDni COUNT 

K.B.C. CALCULATED FROM j 
CUSO. CRAVITIE.S j 

DEHATION OP AVER- 
AGE CUSO^ PwB.C. 
FROM AVERAGE 
CHAMBER COUNT 

OBSERVER 
A OR C 

jOflSERVER j DIFFER- 
1 B OB D 1 r.NCE 

OBSERVEP. 

A or. c 

j OBSERVER ( DIFFER* 

I c or. D 1 ence 




Formocytic Blood, (Ttcenty Specimens) 


A 

4.9 

4.9 

0.0 

5.4 

5,2 

0.2 

+0.3 

3 

4.5 

4.2 

0.3 

4.C 

4.6 

0.0 

+0,2j 

4 

4.0 

3.9 

0.1 

4.3 

4.3 

0.0 

+0.45 

5 

4.5 

4,8 

0.3 

4,0 

4.0 

0.0 

-0.65 

7 

3.7 

3.4 

0.3 

3.9 

3.9 

0.0 

+0,25 

9 

4,2 

4.3 

0.1 

4.2 

4.2 

0.0 

-0.05 

10 

- 

5.8 


5.4 

5.4 

0.0 

-0.4 

11 

3.3 

4.(1 

o.r 

3,4 

sir, 

0.1 

-0.2 

13 

4.9 

4.9 

0.0 

4.4 

4.4 

0.0 

-0.5 

IG 

5.8 

5.8 

0.0 

5.9 

5.9 

0.0 

+0.1 

1? 

4.9 

4,4 

0.5 

4.5 

4.5 

0.0 

-0.15 

19 

0.0 

4.5 

05 

4.S 

48 

0,0 

+0.05 

' 20 

u.U 

4.2 

n..'*. 

4.S 

4.7 

0.1 

+0J 

25 

4.7 

4.0 

0.1 

4.0 

4.6 

0.0 

-0.05 

2? 

4.G 

4.2 

0.4 

4.2 

4.2 

0.0 

4<1.2 

29 

4.7 

5.1 

0.4 

5.1 

5.1 

0.0 

+0.2 

33 

4.8 

4.C 

0,2 

4.8 

49 

0.1 

+0.15 

34 

3.5 

3.6 

O.l 

3.2 

?. 

0.0 

-0.25 

44 

3.4 

3.7 

0,3 

3 4 

3.4 

0.0 

-0.15 

4G 

2.2 

2.5 

0.3 

2.4 

2.4 

0.0 

+0.05 

Average Oifferenoe 

0.3 



0.02 

0.0 




0.0 to 



^KlisT! 

+0.7 to 

„ 



0.7 



0.2 

-0.65 



Ht/pcrckromw Blood, (Fourteen Specimens) 


C 

4.5 

4.6 

0.1 

5.1 

5.1 

0.0 

+0.55 

D 

4,5 

4.9 

0.4 

.>.0 

5.0 

0.0 

+0.S 

E 

3.6 

3.9 


4.5 

4.4 

0.1 

+0.7 

F 

3.9 

3.4 

0.5- 

3.9 

3.9 

0.0 

+0.25 

H 

4.7 

5.1 

0.4 

5.6 

5.5 

0.1 

+0.05 

I 

3.0 

3.1 

0.1 

3.5 

3.6 

0.1 

+0.50 

1 

3.0 

3.0 

0.0 

40 

4.0 

0.0 

+1.0 

6 

3.3 

3.1 

0.2 

3.8 

3,7 

0.1 

+0.55 

12 

3.G 

3.9 

0,3 

4.7 

4.7 

0.0 

+0.95 

14 

1.5 

1.4 

0.1'- 

2.0 

1.9 

G.l 

+0.5 

15 

3.6 

_ 


4.3 

4.1 

0.2 

+0.0 

21 

2.7 

_ 


2.8 

2.8 

0.0 

+0.1 

36 

5.0 

4.3 

0.7 

5.0 

5.0 

n.o 

+0,35 

40 

3.2 

3.7 

0.5 

3.9 

3.9 

0.0 

+0.45 

Average difference 

0.3 



0.04 

40.54 

'Spread 


0.0 to 



0.0 to 

+0.1 to 




0,7 



0.2 

+1.0 




Sypocfiromic Blood, (Nine Specimens) 



4.7 

4.1 

0.0 

3.8 

3.5 

0.3 

-0.G.5 

18 

5.5 

s 1 

0.2 

4.5 

4.5 

0.0 

-0,9 

22 

3.9 

4.0 

0.1 

.3.0 

3.0 

0.0 

-0.95 

23 

4.9 

4.9 

0.0 

52 

5.2 

0.0 

+0.3 

24 

_ 

4.1 

_ 

.3.9 

3.9 

0.0 

-0.2 

28 

3.2 

3.5 

0.3 

3 5 

3.4 

n.i 

-0.1 

•jd 

3.5 

S.C 

0.1 

2.7 

2.8 

0.1 

-0.8 


_ 

5.0 

- 

4.J 

4.1 

o.n 

-0.9 

Average 


0.2 



0.05 

-0.55 

f’preaa 


0,0 to 



0.0 to 

+0.3 to 




0.6 



0.3 

-0.95 
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trifuge hematocrit values, it appears that in patients not thus excluded the 
gravity method can he used in following the subsequent, clinical course of 
hematocrit changes. . , 

Cell Counts Estimated From G7'aviti-es . — ^In bloods with a normal ratio of 
hemoglobin to cell count, the count can be calculated by Equation 5, in which 
the constant, 0.325, has been computed from data in the present paper. 

5. MiUion B.B.G. per mm.3 = Hb x 0.325 

where Hb. represents grams of hemoglobin per 100 c.c. of blood, estimated from 
copper sulfate determinations by Equation 2. 

In Table VII is presented a comparison of values calculated by this equa- 
tion with chamber counts on the same patients. Duplicate measurements were 
■made by different observers. All bloods in the series with a color index between 
0.9 and 1.1 were considered normoejd;ic'; no blood films were made. 

Since in Equation 5 the assumption is made that the cells have mean normal 
values for both size and hemoglobin concentration, one would expect that hyper- 
chromic bloods would give red cell counts which are too high, when calculated 
from Hb., and hypochromic bloods the converse. That this is true is seen from 
Table VII. Abnoimality in the color index eliminates the usefulness of cell 
counts estimated from gravities. 

The average difference between duplicate copper sulfate red cell' counts is 
less than that between duplicate chamber counts. Eesults are therefore more 
exactly reproducible by the gravity method than by the chamber count. 

Phillips and associates do not suggest estimating cell counts from gravities, 
but our results indicate that when a patient shows a normal color index (ratio 
of hemoglobin to cell count), the rapid gravity method can be used to estimate 
changes in cell count during treatment. 

CONCLUSIONS 

The copper sulfate method for specific gravities of whole blood and plasma, 
tested in the medical service of a general hospital, proved to be simple and 
accurate and to provide a quick procedure for estimation of hemoglobin, plasma 
protein, and, except in specific types of cases, hematocrit and cell count. 
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THE THIAMINE REQUIREMENT IN ALLOXAN DIABETES 

Paul T. Lownv, M.D., and D. JIark Hegsted, Ph.D, 

Boston, Mass. 

P eripheral neuritis is one of the frequent complications of diabetes. The 
factors underlj'ing the der-clopment of this condition are as yet un- 
detemined, but the possibility that tliiamine may be involved has repeatedly 
been raised.'’’ The kuomi function of thiamine in the metabolism of carbo- 
hydrate,' together ivith its role in the development of certain forms of neuritis, 
has led some authors to believe that the requirement of this vitamin may be 
raised in diabetes and that the neuropathies are due to thiamine deficiency.’ 
On the other hand, the diminished o.vidation of carbohydrate which presumably 
takes place in diabete.s would be expected to decrease the body’s requirement. 
Alloxan diabetes offers a ready tool for the investigation of this problem. The 
following study was undertaken to determine if rats made diabetic by the injec- 
tion of alloxan have a greater tendency to develop thiamine deficiency than nor- 
ma! controls and whether their requirement for thiamine is appreciably different 
from normal animals. A somewhat similar study has been reported by Styron 
and co-workers” using dcpancreatized rats, but the diabetes in their animals 
was very mild compared to the allo.xan diabetes used in the following experi- 
ments, and no attempt was made by us to determine the effect of diabetes on 
the thiamine requirement. 

EXPERIMENTAL 

Adult male rats weighing between 250 and 350 grams were made diabetic 
by the subcutaneous injection of alloxan. A dose of 200 mg. per kilogram of 
body weight was given to the first ten animals, but nine of these died on the 
second day. Subsequently, the initial injections ivere reduced to one-half this 
do.se. In animals resistant to this treatment, repeated daily injections gradually 
increasing up to 150 mg. per k-ilogram of body weight were made after a lapse of 
two or three days and were continued until the urine show'ed a consistent i plus 
reaction to Benedict’s solution. Of thirty-nine rats treated, there were only 
eight fatalities by this technique, and none proved ultimately resistant though 
in one rat nineteen injections were necessary. There were no relapses from the 
diabetic to tlie nomial state in this scries. Following the injections of allo.xan, 
all the animals suffered an immediate sharp fall in weight but over the course 
of the ne.xt iveek tended to maintain themselves at a new and, in all but one 
■ rat, lower level. 

As soon as the diabetes in these animals was definitely established or 
shortly thereafter, they were divided into two groups. Group A consisted of 
seven rats which were placed on a thiamine-deficient diet composed of 74 per 
cent sucrose, 18 per cent casein, 4 per cent fat, and 4 per cent salt mixture.' 
Water-soluble vitamins were added to supply 4 rag. pyridoxine hydroehloride, 
^ mg. riboflavin, 30 mg, nicotinic acid, 15 mg, calcium pantothenate, and 2.0 
Gm. choline chloride per kilogram of ration.* One drop of haliver oil was given 

. the Department of Nutritfon. Harvard Echoot of Public Health, and Department 

* Biological Chemistry, Harvard Medical School. 

Becelved for publication. June 16. 30-15. 

•The synthetic vitamins were generously supplied by Merck & Co., Inc., Rahway, N, J. 
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twice weeldy to supply yitamins A and D.' Group B consisted of four diabetic 
rats which were placed on the same diet plus 1 mg. of thiamine per 100 Gm. of 
ration. A control group, Group C, consisting of seven normal rats, was also 
given the thiamine-deficient diet. In the diabetic animals, frequent tests were 
performed with Benedict 's solution to determine urinary sugar, and daily water 
consumption was measured. Weight changes were recorded daily. 



Pig. 1. — Thiamine deficiency in a typical diabetic animal and the response to therapy. 

The time required to develop thiamine deficiency was taken as the time 
after the animals were given the deficient diet until iveight loss became consistent. 
After the animals had lost from one-quarter to one-third of their body .weight, 
the relative thiamine requirement of the diabetic animals versus that of the 
controls was deteimined by comparing the gain in weight following intraperi- 
toneal injection of thiamine chloride. After a response to thiamine was obtained 
and the weight of the animals had fallen to the original level, another injection 
was given. Thus several responses, usually at different levels of thiamine, were 
obtained with each rat. In Fig. 1 is shovm a typical example of the course 
followed by a diabetic animal. 

RESULTS 

The rats in Group B which received thiamine appear in good health after a 
pei'iod of four months although they are severely diabetic. They have demon- 
strated a marked increase in the consumption of both food and water, eating 
an average of 22 Gm. and drinking an average of 150 c.c. of water per day- 
Their weights may vary from 3 to 5 grams from day to day, and over a .week 
up to 10 grams, but there has been no significant change following the initial 
period of stabilization. Their maintenance of weight indicates that marked and 
continued changes in the animals in Group A can be taken as an index of 
response to the administration of thiamine. 

In Group A, diabetic animals on the thiamine-deficient diet, one rat died 
after two days. The others were continued on the ration, and after an average 
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of 16.1 days, dcveloj)od listlossiicss and almost a complete loss of appetite and 
suffered a marked and continuons fall in ivciglit. Water consumption gradually 
declined to from 2 to 5 c.c. per day, and urinary sugar dropped from a 4 plus to 
a 3 plus reaction. Tlic normal control animals in Group C, receiving the same 
ration, developed similar .symptoms and weight changes after an average of 
14.1 days. After the death of one eoiilrol, no further attempt was made to 
aw.iit the development of neuritis, Imt following the lo.ss of not les.s th'an SO 
(trams of weight subsetpicnt to the onset of signs of deficiency, both diabetic 
iininials and controls were injected intrapcritoneally witli doses of 50, 100, or 
200 jig of thiamine chloride. There followed an immediate alleviation of symp- 
toms, a gain in weight, and in tlie diahctic animals a striking increase in the 
consumption of water and c.veretion of sugar The ma.vimum weight gain was 
found to be the most reliahle inde.v of response and the average results obtained 
at the different levels of thiamine adininislered are .shown in Table I. 


Tadi.e I. Avr.r..\oE ItvsimssE to Thiamike 


TinAiriNR 

DOSE 

Cmo) 

KIND OP 
ANIJfALS 

NmtBEn OP 

1 TESTS 

AVERAGE 
.MAXIMUM CAW 
COM.) 

PER CENT OF 
MEAN VAI.UE 

50 

Ufa belie 

6 

27.8 

JOS 


Control 

5 

24.0 

93 

100 

Diabetic 

7 

39.4 

110 


Control 

4 

28 5 

84 . 

200 

Diabetic 

3 

46.0 

116 - 


Control 

o 

33.0 

84 


The gi'eater response of the diabetic animals at all levels of thiamine is 
apparently related to the composition of the material metabolized. During a 
period of four days, the food intake of the diabetic animals in Group B was 
measured. Sugar excretion* and urinary and fecal nitrogen wore also measured 
'Wanfitativcly. Since these animals had maintained tlieir wciglit over a pro- 
longed period on tliis diet, tlie amount and composition of food actually metab- 
olized was ealculatcd as the sum of the fat eaten, the protein equivalent to the 
urinary nitrogen, and the carbohydrate eaten loss the sugar excreted in the 
urine. The calorie requirement thus detenuined w.ts approximately 40 calories 
I’O’’ <iay, almost c.xaetly the same as has been pieviously found by food consiimp- 
tion measurements on normal I'ats of the same weight.* However, to compensate 
for the continuous excretion of sugar, the diabetic animals ate approximately 
‘■O'ice as much food as normal I'ats. Thus the composition of the diet actually 
metabolized was approximately 8 per cent fat and 36 per cent protein, compared 
to 4 per cent fat and IS per cent protein in the controls. 

mscnssioN 

The data from this experiment show that the tendency of the diabetic 
animals to develop thiamine deficiency was approximately the same or perhaps 
a’'gltly less than the controls. That the tliiamino requirement is actually less is 
oouvuncmgiy shown by the avei'age responses of the two groups to different levels 
of thiamine administration. At each level tlio response of the diabetic animals 
"’“a greater than that of the controls. The data were analyzed statistically in 
000 group by computing each response as per cent of a mean value midway be- 
l^^oen the two curves sliown in Fig. 2. By the "t” test” the differences arc 
significant (less than 1 in 500 that differences are due to chance alone). 

•Unpublished data. 
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The somewhat greater average weight of the controls at the tim'e thiamine was 
given does not appear to have been an important variable since no correlation 
between weight at the time of administration and subsequent response was found. 

The lower thiamine requirement of the diabetic animals is logically sup- 
ported by the data upon the composition of the diet metabolized. Both fat and 
protein have been shown to have a thiamine-sparing action.^®’ Wainio” has 
estimated that at a maximum, casein is 64 per cent glycogenic, and he employs 
a figure of 10 per cent for fat. Using these figures, it may be estimated that the 
thiamine requirement of the diabetic animals is approximately 12 per cent- less 
than that of the control animals. 



Fig. 2 . — A comparison of the response obtained in diabetic versus control animals to graded 

levels of thiamine. 

The findings in this experiment are of additional interest in view of the 
possibility that marked or prolonged diuresis may tend to "wash out” the body’s 
stores of thiamine. Both prior to the onset of symptoms of deficiency and im- 
mediately following the administration of thiamine, the diabetic animals were 
drinking and excreting the equivalent in a 70 kilogram man of 30 liters of fluid 
per day. Furthermore, the injection of a single large dose such as was done 
here would particularly facilitate loss by this means. In view of the failure of 
these animals to develop deficiency before the controls and their normal response 
to thiamine administration, it is reasonable to conclude that either an appreciable 
amount of thiamine was not washed away or that their requirement is consider- 
ably less than indicated previously. 

Caution must be used, however, in interpreting such experimental findings 
in terms of human patients. Alloxan diabetes obviously differs from that found 
in human beings, particularly -with regard to capacity to survive without protec- 
tion by insulin. Furthermore, Eudy and Epstein® have reported partial or com- 
plete relief of neuritis in 67 of 100 diabetic patients by the administration of 
supplementary thiamine. HoAvever, the exact basis for this therapeutic response 
is not clear. The role that diet may play in the pathogenesis of this condition 
is in dispute. Jordan, reviewing 226 cases at Joslin’s clinic, concluded that 
diet was not a factor, while Eudy and Epstein believe that it cannot be ruled 
but in 73 per cent of their patients. The latter authors have not, however, 
indicated the method of dietary analysis by which they reach this conclusion. 
In addition the possibility remains that there may be a disturbance in thiamine 
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Utilization in human beings ivith diabetes, although tliere is no evidence available 
to support such a hypotliesis at tliia time. 

CONCLUSION 

This study presonts ovidence that rats made diabetic by injection with 
alloxan slimr no increased tendency to develop signs o£ thiamine deficiency, that 
the action of thiamine is not perceptibly impaired, and that the diabetic 
animals’ requirement of this vitamin is Jess than that of norma! controls. It 
does not support the thcoiy that diabetic neuritis is due to thiamine deficiency. 

BErnRE-VCES 

1. JosHn, E. E., Boot, H. F., Wiite, P., and Itnrble, A.; Treatment of Diabetes ilellitus, 

Philadelphia, 1940, Lea & Fcbiger, p. 495. 

2. Willianis, Ji. B., and Spies, T. D.; Vitamin B, and Its Use in Aledicine, Keir Vofir, 293S, 

Macmillan Company, p. 4S. 

3. Vorhaus, M. 0., Wiliiams, R. E., and AVnterman, R. E,: Studies on Crystalline Vitamin 

J. A. M. A. 105: 1580, 1935. 

i. Evans, E. A., Jr.: The Biological Action of the Vitamins, Chicago, 1942, University of 
Chicago Press. 

5. Rud 3 j A., Epstein, S. H.: Eeview of 100 Cases of Djabctic hfeuropathy. FoIIovved l-lO 
Veara, J. Clin, Endocrinol, 5: 92, 1045, 

C. Styron, C. W., Tucker, H, St. G., Rhodes, A. P., Smith. T. C., and Marble, A.; Compara* 
Studies of tliQ Effect of Tiuaram Detieieney m Diabetic and Non-Diabetic Eatf', 
Proc, Soo, Exper. Biol. & Med. 50: 242, 1942. 

7. negated, D. M., Mills, R. C, El'chjem, C. A., and Hart, E. B.: Cliolme in Nutrition of 

Cluck?, J. Biol. Ghcm. 1S8; 4o9. 1943. 

8. Jloffmaa, 'tV, S.; A Rapid Photoelectric Method for the Determination of Glucose in 

Blood and Urine, J. Biol, Chem. 120; 51, 1037. 

9. Fisher, R. A.: Statistical Afethods for Research Workers, Edinburgh, 193S. Oliver 

and Boyd, Ltd, 

10. Evans, B. M., and Lenkovski*, S.; Sparing Action of Fat on the Antineuritic Vitamin 

• BjJ.Biol. Ghcm. 83: 2G9. 1920. 

*1- Walnio, W. W,: The Thiamine Requirement of the Albino Rat a.^ Influenced "by tlie 
Substitution of Protein for Carbohydrate in the Diet, J. Nutrition 24: 31f, 1942. 
12. Jordan, W. R,; Neuritic jrnnifestations in Diabetes Mellitus, Arch. Int. Med. 57 : 307. 
3936. 


bacteriostatic properties of Sl/LFANILAMIDE AND 

SOME OP ITS DERIVATIVES 

in. The CarboxY'Sui/Fathiazoles as Chejiotherapsutic Agents 
Active in the Gastrointestinal Tract 

Edgar J. Poth, M.D., Ph.D., and Charles A. Ross, M.S. 

Galveston, Texas 

OUGCINVIiSULFATHIAZOLE (Sulfasuxidme) was introduced as an intes- 
^ tinal antiseptic by Poth and Knotts in In 1943, Poth and Ross** ® 

published the results of a continued study of tliese dibasic acylated sulfonamides 
und presented data on phthalylsulfathiazole (Sulfathalidine) ; this drug was 
sboAvn to possess approximately twice the bacteriostatic activity of sulfasuxidine 
^ben the antibacterial activty w'as measured against the coliform organisms 
gastrointestinal tract of man and dog. Sulfasuxidine has had extensive 
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clinical trial^-^^ and has become well established as a useful drug, being par- 
ticularly Taluable in the treatment of bacillary dysentery and in the pre- 
operative preparation of the bowel. Wliile sulfathalidine has had a less exten- 
sive clinical use,^- it has been shown to be especially valuable in eon- 
drolling nonspecific diarrheas, chronic ulcerative colitis,-® and regional enteritis 
and in the preoperative preparation and postoperative treatment of the bowel. 
Both of these compounds are finding extensive use in the treatment of chronic 
urinary tract infections due to the coliform, organisms.^^’ These two com- 
pounds are poorly absoi'bed from the gastrointestinal tract; this properly 
would not be anticipated since the molecules contain a free 'carboxjd group and 
readily form ionizable salts. The presence of a free carhoxyl group has, however, 
led to the study of another series of sulfonamides, the carboxylsulfathiazoles, 
where the substitutions "(vei’e on the 4 and 5 carbon atoms of the thiazole rest. 


S 1 ^5 C — 


^ y \ II b ^11 

ira:.— < >— s— NH— c c— 

\ / II 

N 


The earboxj^sulfathiazoles studied were" (Table I) : 

1. Sulfa-4, earboxythiazole 


NH. 




0 S — C— H 

-L-NH— O Jj— COOH 

1 V 


(Mol. TTt, 299.3; JI. P., 240-241° C. with decomposition; relatively stable 

chemically) 


2. Sulfa-5, earboxythiazole 


S — O— COOH 


NH; 


./ S— NH— d ^H 

^ II V 


(Mol. wt., 299.3; M. P., 210-215° C. with decomposition; relatively unstable 
chemically and yields sulfathiazole by splitting out COj) 


3. Sulfa-4,5, dieai'box)dhiazole 




O S — C— COOH 

d H— COOH 


S— NH- 


O 


\ / 
N 


(Mol wt. 343.2; M. P., 240° C. with decomposition ; will not form acid salts 
'■ ’ ’ and will decompose to yield .'mlfa-4, carbo.vythiazole) 


4. Sulfa-4, methyl, 5, earboxjTliiazole 

o - 

NH./ S— NH— d H— CH, 

/ I! \/ 

O N 

.f P 190-200° C. with decomposition; relatively unstable 

(Mol. w t., 31-3 ,„ifa-4, methylthiazole) 

- . . TJhffnrT/'Tnhla. ] 


O S — C— COOH 


. cnemiuaii^ uuu ? ^ 

''^'?rinTebt’ed“ 5r"spramm 'fo?’’th? ^nmi l>r.’- 
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5. SnIfa-4, methyl, 5, carboxymethylthiaitole 

O S — C— OH.COOH 



(Mol. wt., 327.3 j relatively stable chemically) 


These compounds were studied in a manner similar to that of the acylated 
sulfonamides prenonsly reported.'- ~ The antibacterial activities of these chem- 
icals, as indicated by the alteration of the colifom organisms in the gastroin- 
testinal tract, wore dctci-mincd by administering them to dogs at four-hour 
intervals throughout the day and night. The animals were placed on a sub- 
maintenance diet of boiled horse meat. The drug was mixed with this food, 
which was made into halls, and fed automatically at four-hour intervals by a 
device described by Potb." Since the animals always were hungry, they ate 
their food as soon as it became available so that the dreg w,ns ingested regularly. 

Stool specimens for bacteriologic study were taken directly from the rec- 
tum. The number of eoliform organisms was determined by plate counts on 
desoxycholate media containing 5 mg. per cent of p-aminobenzoic aeid. 

Blood and urine were analyzed for sulfonamide by modifications of the 
usual colorimetvie procedure. The urine was obtained directly from the blad- 
der by catheter. 

The results of these studies arc summarized in Table I and Figs. 1, 2, 3. 


Tabw I. Tub Looab Aktibscveriao Aotivitv op the CAr.aoxvTniAzoiEs in the Qastso- 
INtestxnae Tuapt nr the Doo, With the Dosaoe, Ma-xuiom Concentrations 
OP THE DrCOS in the BIOOD AND UlHNE, AND THE REIATIVE TO.XtCITV 
OP THE Sever.!!. Compounds 


bRUQ 

DAILT 
DOSAGE* 
(OM. PER 
KG.) 

MA.3:muAi 

CONCENTRA- 
noNOP 
DRUG IN 
BLOOD 
(MO. %) 

MASJilUU 
CONCENTRA- 
TION OP 
DRUG 

IN 'UP.INE 
(MG. %) 

RELATIVE 

.VNTIBAC- 

TERIAL 

ACTrflTY 

RELATIVE 

TOXICITY 

oQUa-i-carlioxythiaiole t 

0.25 





+ + 

0 


i.o 

G.0 

1450 

+ + + 

0 

SyJfa-5-carboxytUiazolet 

0.25 



+ + 

0 

* 

1.0 

6.6 

2200 

+ + + + 

0 

Sulfa-4, 5-dicarboxvthiazole t 

0.25 





+ + + 

0 


0.50 

6.§t 

335t 

+ + + + 

0 


1.0 

C.8J 

5901 

+ + + 4' 

0 

Sulfa-4-nictli3'l-5.carbt»xvthi- 

0.5 

10.0 


+ + 

0 


1.0 

18.0 

1800 

+ + + 

+ + + 

SuUa-i-tQethyl-o- 

0.5 

6.U 

552 

+ + + 

■ 0 

_C»boXTO6thvltllio.ole 

1.0 

6.2 

554 

+ + + 

0 


'The dally dose -a-as divided into six equal portions and administered at four-hour Inter-' 


aisMjIe"? Inliavcnous doses of 1.0 Cm. each at tivenp-.four hour Intervals. Drug 

oissolvca hy- addition ol equivalent quontities of NaOH. No toxicity demonstrable. ■ 

, tThese values are inaccurate because an entirely satisfactory analytical procedure could 
ooi be devised. 


fu Titi-O Activity.^— Doctor W. F- Venvey and co-workers observed the in 
antibacterial activity of the carboxysuUatliiazoles as follows ; A 1 ilO.OOO 
dilution of a twenty-hour culture of Escherichia coU wa.s cultured in a .synthetic 
’'“edium containing varying amounts of the sulfonamide and taking a.s the end 



““is . • ‘POTH and KOSS' ' - ' ■ 

point tliat molar concentration which allowed a growth giving a turbidity equal 
to 50 per cent of that of the control tube when incubated, for twenty hours. 


Sulfathiazolo 4. ^ 20-7 

Sulfanilamide 1 x jo-* 

Succinylsulfatliiazolo 7 x 10-* 

Sulfa-5-carboxj'thiazole 8 x lO-s 

Sulfa-4-carboxythiazole G x lO-i 

Sulfa-4, S-dicarbo.xythiazole 3 x 10-3 

Sulfa-4-methyl-5-carboxymotliyltliiazole 1 x 10-3 


Comparison of the bacteriostatic activity of these compounds in the in- 
testinal tract, as shmvn in Table I, with the in viti’o antibacterial actirity, fails, 
as is so frequently true, to show any correlation. 



1/100,000,000 of the original. 

Sulfa-4,5-Dicarboxythiazole . — This compound shows an antibacterial ac- 
tivity against the coliform organisms in the gastrointestinal tract of the dog 
intermediate between sulfasuxidine and sulfathalidine. Equivalent baeteri- 
ostasis occurs following the administration of 1.0 Gm. of sulfasu-xidine per 
kilogram of body weight, 0.5 Gm. sulfa-4,5-dicarboxythiazole, or 0.25 Gm. 
Sulfathalidine. 

Dogs tolerated repeated intravenous doses of 1.0 Gm. per kilogram of 
sulfa-4^5-dicarboxythiazole without evidence of acute or chronic toxic man- 
ifestations. 

The intraperitoneal administration of the sodium salt of sulfa-4, 5-diearboxy- 
thiazole to mice gives the mortality ’figures shown in Table II. The lethal dose, 
50 is between 1.0 and 1.30 Gm. per kilogram of body weight. 
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, , FIs. 2.— Demonstrating that a «laHy oral dosage 0.25 Gm. of sulfa-4t5-dicarbox5'thIa* 
•ole per kilogram of body weJsht divided into six portions and given at four»bour Intervals to 
the flog Is equally as effective aa 1.0 Gm. of the same dms slmUarlly administered. 



Oayi 


3.~.Showlne the corresponding effect on anaerobic spores and collforn) organisms 
«Pon the oral administration of suifa-^.fi-dlcarboxs^wojcole to dogs In mvlded four-hour doses, 
inis drug has no antibacterial action on the alpha ^frepfocooeus /ecoiw. 


T'ABLE n. The iNrRAPERITONEAb ADMIOTSWUTION op the SODIUSI SAET op Sai.FA-4,5'D;- 
CATmoXYTKIAZOLE TO WHirE MlCB TPEraHINO BflTWEEN 29 AND 33 GRAUS 


number OF 
MICE 


NUMBER or MICE 

POSAOE ALIVE AFTER MORTALITY 

(OM. PER KQ.) rOBTY-EIOHT HOURS (PER CENT) 


0 0 

J 10 

9 90 

30 300 


Per Cent of- Initial Ylora 



848 


POTh 'aND ROSS 


DISCUSSION 

The carboxythiazoles contain free carboxyl groups resulting in compounds 
which are relatively strong acids and which readily form highly soluble salts. 
In this series of sulfonamides the primaiy para amino group is free in contra- 
distinction to the acylation of this baeteriostaticaUy active group in the acjdated 
sulfonamides previously studied and represented by suceinyl- and phthalylsulfa- 
thiazole. 


While all of these carboxythiazoles have considerable antibacterial ac- 
tivity in the gastrointestinal tract, sulfa-5-carboxythiazole and sulfa-4, 5-di- 
carboxythiazole possess the greater activity. All of these compounds maintain 
a moderately high concentration of the drugs in the blood. Comparison of the 
concentration of the drugs in Ihe urine would indicate that sulfa-5-carboxy- 
. thiazole is absorbed from the bowel more readily than is sulfa-4, 5-dicarboxythi- 
azole (see Table I). 

Sulfa-4-methyl-5-cai'boxj'thiazole is the onl}"^ member of this series that 
has been demonstrated to be rclativelj’’ toxic. This toxicity is explainable on the 
basis that the compound readily splits out carbon_ dioxide to yield the cor- 
responding 4-methjdsulfathiazole Avhieh is toxic. 

The nontoxic members of this series of sulfonamides, which significantlj' 
alter the bacterial flora of the gastrointestinal tract as indicated by the reduc- 
tion of the eoliform organisms, may prove to be useful therapeutic agents where 
it is desired to produce a general sj^stemic effect as well as to alter the intestinal 
flora and maintain a relatively high concentration of the salt of a sulfonamide 
in the urinary tract. 

SUMMARY 


A series of carboxysulfathiazoles is studied and shown to possess relatively 
low toxicity and high antibacterial activity in the gastrointestinal tract of the 
dog. Sulfa-4-earboxythiazole, sulfa-5-carboxythiazole, sulfa-4, 5-earboxythiazole, 
and sulfa-4-mothyl-5-earboxymethylthiazole may possess desirable therapeutic 
properties. 
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measurement of pulmonabv arterial pressure in dogs 


Edward IT. Czeorinski, M.D., John R. Smith, M.D., St.inley S, Nemeo, M.D.. 
AND John A. Rodb, M.D, 

St. Lons, iWo. 


S tudies of the pressures developed in the pniraonary circulation have been 
rendered difficult because of the relative inaccessibility of the system. Di- 
measurements of pulmonary ai-tcrial pressures in experimental animals 
have been carried out,’’ ” and in one report direct measurement of the pulmonary 
’'rtcrial tension rvas accomplished in man.” More recently, Johnson and co- 
workers* and Katz and Sfeinitz” liavc .studied pulmonai’j- arterial tensions (using 
special manometers) in trained dogs ivith closed thoraces. Their method appears 
to provide a reasonably accurate technique for rceorcling such pressures, al- 
tliOugh requiring previous sui’gica! preparation. 

Our interest in alterations of pulmonary arterial tension in pulmonary 
orobolism and piilmonarj- edema has led us to devise a method of registration of 
the tension which is simple and is performed without surgical manipulation of 
tbe thorax. The method is essentially a modification of that of Porssmann,® 
toter utilized by others’ for the recording of right intraventricular pressures. 


•Hi) ‘Pe Meilical Service and the Department of BaOlology ot the St. I^uls City Hospital, 

the Department of Internal Medicine. Washlneton University School of Medicine. 
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MEASUREMENT Oli' PULMONARY ARTERIAI. PRESSURE IN DOGS 

in the axial stream. Accordingly, the longitudinal pressure euiYes obtained are 
smooth in contour and are devoid of abrupt and minute oscillations. The curves 
are in general conformity to those recorded by Katz and Steinit'z= and others." 


DISCUSSION 


A question may be raised as to whether the passage of the catheter through 
the pulmonary valve produces pulmonary insufficiency, at the sacrifice of di- 
astolic pressure head. This possibility was readily investigated. In anesthetized 
dogs, with the thorax opened, an optical manometer was connected to a cannula 
tied into a small lateral branch of the pulmonary arterial system, and the pres- 
sure was recorded. Thereafter, the urethral catheter was introduced into the 
pulmonary arteiy by the technique described. The pulmonary arterial tension 
through the catheter was recorded on the same manometer. With either of these 
procedures, the mean arterial tensions were the same; the pulse pressure 
measured through the catheter (longitudinal pressure) was slightly lower than 
that recorded from a side branch because minute abrupt oscillations were not 
present. It appears probable that no leak occurs in the valve and that the 
resilient valve leaflets form an effective seal around the tube. 


The mahometrie system, incorporating the catheter, seemed adequate for 
this pui>pose. The sudden application of pressure to the system (.100 mm. Hg or 
more) caused as prompt and complete a deviation .of the light beam as was 
recorded when the same pressure was applied to the manometer through ordinary 
pressure tubing. Lateral distention appeared to be nil in the catheters. 

In niunerous trials, verified by autopsy, it wms found that, when the catheter 
tip lies immediately within the cardiac shadow in the pulmonary artery (right 
or left lateral Anew), it is in the main trunk of the artery or in the orifice of the 
left main branch. If the catheter is permitted to proceed farther into one of 
the lobar branches, it may become impacted in the lumen so that the pressure 
pulses are not obtained. In addition, it was found that the method is not satis- 
factory in very small animals, as the catheter will not loop sharply in a small 
right ventricle and the tip cannot be pushed to the pulmonary orifice; the tube, 
coils upon itself Avithin the heart. As a further precaution, overanesthetization 
of the animals is to be avoided because of the likelihood of the heart becoming 
hypodynamic or because respiration may’’ become so altered as to distort the 
pulmonic pressure readings. 

This method lacks the advantage of that of Johnson and co-AVorkers" and of 
Katz and Steinitz® in that 'it requires anesthetization of the dog. In experi- 
mentation where anesthesia is desired, the method is advantageous in that it is 
simple to perform and all previous intrathoracic surgical manipulation is elim- 
inated, It is suggested, further, that the technique might be adapted for the 
measurement of pulmonic arterial tension in man. 


SUMMARY 


A method is described for the insertion of a soft rubber urethral catheter 
into the right ventricle and thence into the pulmonary artery of dogs. Pul- 
monary arterial pressure may be recorded by an optical manometer. The 
simplicity of the procedure renders it adAmntageous where such experimentation 
on the animal is carried out under anesthesia. •: 


TRe authors are greatly indebted to Dr. Bussell Blanchard, of the Eadiological Pepart- 
ment of the St. lAmis City Hospital, for' his assistance, generously given, in carrying o 

these experiments. 
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LIVER FUNCTION STUDIES ON SOLDIERS UNDER PROLONGED 
ATABRINE ADMINISTRATION 

Captain Sidney P, Gottfried and T/4 Abraham C, Levine 
Sanitary Corps, Army op the United States 

A nimal studios have revealed that orally administered atabrine produces 
liver damage.^’ ® To be sure, tlie doses employed were massive and in no 
way to be compared with the daily intake of our soldiers. However, since in this 
theater of operations, atabrine administration has been in effect for a consider- 
able time the question arose as to whether small amounts of the drug taken over a 
long period of time might produce a subclinieal hepatic damage which could be 
detected by sensitive liver function studies. 

To this end, we took fifty ambulatory Negro soldiers who had been taking 
0.1 Gm. of atabrine daily six days a week for about eighteen months. Only those 
soldiers who never had had clinical malaria, syphilis, scrub typhus, or jaundice 
were ‘included in the study. The tests employed were icterus index, urine uro- 
bilinogen, fibrinogen, seixim cholesterol partition, and the oral hippuric acid test. 
Total serum lipid determinations were performed where the total serum choles- 
terol values were unusually high. As a check on the fibrinogen results, this de- 
termination was also performed on fifty troops who had been taking atabrine 
only from one to three months. 

Several months later, bromsulfalein, cephalin flocculation, and galactose tol- 
erance tests were performed on fifty more soldiers (white and Negro). The lat- 
ter likeivise had been taking atabrine for from twenty to twenty-four months and 
bad no previous history of liver damage. As a control of the sensitivity of the 
cephalin flocculation test, determinations were performed on twenty-five soldiers 
who had been taking atabrine for from one to three months. At a still later date, 
- twenty-five additional bromsulfalein tests were performed on soldiers who had 
been taking atabrine for thirty months. 

methods 

Plasma fibrinogen was determined colorimetrically.=-= Icterus index was de- 
termined by the metliod of Meulengracht.' Urine urobilinogen was determined 
V^tatively by the method of Sparkman.' The oral hippuric acid test was 

Received for publication, April 10, 1945. 
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COTTFRIED AND LEVINE 

performed according to the method of Quick,® as modified by Kraus and Dulldn.® 
Total serum cholesterol was measured colorimetrically,^® while free cholesterol 
was determined essentially by the method of Sehonheimer and Sperry.'^ The 
total lipid content of seram was determined gravimetricallyd^’ The brom- 
sulfalein test was performed by injecting 2 mg, of bromsulfalein per Irilogram 
of bod}’’ weight’^ and by measuring the retention at the end of eighteen minntes.^^ 
For the cephalin flocculation test, the original method of HangeF® was used. 
The galactose tolerance test was performed by the method of Janney and 
Isaacson.’" 

RESULTS 


Icterus index results were all normal, lying between 4 and 8 units. Urine 
urobilinogen w’as considerably less than the upper normal value of 8 mg. per 
cent; the results lay between 0.7 and 3.6 mg. per cent. Serum cholesterol 
partitions ivere also normal ; the values obtained all were within the normal lim- 
its of from 21 to 29 per cent of free cholesterol. Of the fifty oral hippuric acid 
liver function tests performed, excretions of less than 3 Gm. were obtained in 
three subjects. Over one-half of the plasma fibrinogen valves were less than 0.3 
Gm. per cent. However, of fifty control observations, 32 per cent were likewise 
less than 0.3 Gm. per cent. Therefoi'e, the low plasma fibrinogen cannot be at- 
tributed to the effect of atabrine, but to some other unexplained cause. Galac- 
tose tolerance studies were all noimal. In eveiy instance, 3 Gm. or less of galac- 
tose were recovered in the urine within five hours. No retention of brom- 
sulfalein was observed in any case, not even in those men who had been taldng 
atabrine for thirty months. 

At the end of twenty-four hours the cephalin flocculation tests gave a pre- 
cipitation of 2 plus or greater in 46 per cent of the men, while of the twenty-five 
control determinations performed, a precipitation of 2 plus or greater was ob- 
tained in seven of the subjects. Since almost as high a percentage of positive re- 
•sults was obtained among the controls as among the soldiers studied, it must be 
concluded that in our hands the cephalin flocculation test was too sensitive and 
that the positive results obtained are not indicative of hepatic dysfunction. It 
might be added that the tubes were exposed to light in the laboratorj’ after be-, 
ing set up. This might account for the increased sensitmty. 

Consequently, of the hepatic function tests performed, only the hippuric 
acid test gave results indicative of hepatic dysfunction, and then only in a veiy 
few cases. This by itself cannot be considered significant. Therefore, it may be 
concluded that no subclinical liver damage could be detected among the soldiers 


that were studied. 

Of the total cholesterol results obtained on the fifty Negro soldiers, more 
than one-third were higher than the usually accepted upper nonnal limit of 275 
mg. per cent. These findings were not expected, and as a cheek, total serum 
lipid determinations were performed. In every instance Avhere the cholesterol 
was high, a slightly elevated serum lipid was obtained. However, the total 
cholesterol values obtained on the second series of fifty soldiers ran mueh lower, 
only one being higher than 275 mg. The only explanation that can be offered 
for this difference is that the second series of deteimiinations was performed on 
fasting blood specimens, while blood for the first series was drawn from two to 
three hours after brealcEast. 
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SERUM PROTEINS IN PORTAL CIRRHOSIS 

R. S, Stacey, M.D. 

Baghdak, Ihaq 

T he characteristic changes in the scram proteins in cirrhosis of the liver 
are a fall in albumin and a rise in globulin, leading frcquentl,v to a revers.tl 
of the alhumin/globulin ratio. The parts played by the eugiobulin and pseudo- 
globulin fractions in this change in serum globulin are described and their 
significance discussed. 

HATERIAE 

Cirrhosis of the liver is a common disease in Iraq. It is found principally, 
though not invariably, among the poor, and alcohol plays no part in its etiologj-. 
The course of the disease and the post-mortem findings resemble closely the 
Laenneo’s cirrhosis found in -western countries. A detailed description of the 
condition has been given elsewhere.* 

The thirty-six eases presented were male patients. The liver was small 
“hd ascites was present in all patients. Thus, in all, the disease was well de- 
Tcloped . The difficulties in diagnosis in the early, pre-ascitie stage, particularly 
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great in a country wliere other diseases -affecting the liver are common, made 
unequivocal diagnosis desirable in a preliminary investigation. The Wasser- 
mann reaction was negative in twenty-eight and positive in eight of the patients. 

Some difficulty was experienced in obtaining normal serum protein figures 
for comparison since the class concerned is commonly affected by grpss mal- 
nutrition, chronic malaria, or conditions such as ankylostomiasis, leading to 
anemia. The results of estimations on normals are, therefore, presented in two 
groups, twelve apparently normal hospital patients and twelve medical students. 

Total protein and albumin were estimated by the method of Greenberg," 
and eugJobulin by tiie following method derived from Proske and Watson.“ 
Euglobulin was precipitated in a conical centrifuge tube by the addition of 
0.2 c.c. seram to 6 c.e. 14 per cent sodium sulfate solution. After standing 
for twenty-four hours at 37° 0., tlie tube was centrifuged, the precipitate washed 
twice with 3 c.e. portions of 14 per cent sodium sulfate, dissolved in 4.7 c.c. 
soda (1 c.c. 5 N. soda diluted to 23.5 c.c. with distilled water) and allowed to 
stand in boiling water for ten minutes. A standard was prepared in a 25 c.c. 
cylinder containing 2 c.c. standard tyrosine solution (0.20 6m. tyrosine in 
1,000 c.c. N/10 hydrochloric acid), 20.5 e.e. water and 1 c.c. 5 N. soda. The 
standard and the unlmown were cooled to the same temperature in cold water 
and 0.3 c.c. Folin’s phenol reagent added to the unlcnoum and 1.5 c.c. to the 
standard. The volume of the unknown was made up to 5 c.c. and, after thorough 
mixing, compared in a colorimeter. In all the protein estimations, results were 
read from a curve constructed by reading a number of standard tjTosine solu- 
tions against a standard prepared as above. 

* The chromogenic power of euglobulin with Polin ’s phenol, reagent was 
determined by sixteen parallel nitrogen estimations by micro-Kjeldahl. For 
calculating grams protein from grams Na. the customary factor, 6.25, was used, 
although no reports on the nitrogen content of euglobulin could be found. The 
results are sho\vn in Table I. The factor for converting grams tyrosine into 
grams euglobulin is therefore 10.15, and there is a maximum error of 6 per 
cent. The difference between this factor and the factor given by Greenberg for 
globulin, namely 14.4^ is caused by the use of heat in dissolving the euglobulin 
precipitate in soda. 

Table I. The Chromogenic Power of Euglobulin With Folin’s Phenol Reagent 
Column (a): Grams tyrosine colorimetrically equivalent to euglobulin present in 100 c.c. serum. 
Column (i) : Grams euglobulin per 100 c.c. serum. 


' CASE 

COLORIMETRIC 

(A) 

KJELDAHL 

(B) 

B/A 

1 


1.36 

9.6 

2 


0.96 

, 10.2 

3 

0.147 

1.53 

10.4 

4 

0.052 

0.56 

10.8 

5 

O.IOS 

1.09 

10.1 

G 

7 

8 


0.88 

9.9 

10.5 

10.5 

0.072 

0.084 


0.096 

0.95 

9.9 

10 
■ 11 

12 

13 

14, 

15 

16 


0.94 

0.71 

0.86 

1.55 

0.69 

0.52 

1.37 

9.6 

10.6 

10.7 

10.3 

10.1 

10.0 

9.9 

10.15 


Average 
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From the estimations clescribecl, the quantities of the pi-otcin fractions were 
obtained by multipij'ing by the following factors ; albumin, 16,6 ; globulin, 14.4 ; 
cuglobulin, 10.15. Total protein was obtained by addition and psendoglobulin 
by subtraction. 

RESULTS 

The results are presented in Table II. Comparison of the two groups of 
normal subjects show tliat the better nutritional state of the students is reflected 
in the higher values of all protein fractions. The figures for the two groups 
of patients with cirrhosis arc in close agi’ccment. They can, therefore, be con- 
sidered together since there is also no clinical reason for separating them.' 

■When the normal and cirrhotic subjects arc compared, the fall in albumin, 
rise in globulin, and reversal of the A/G ratio is apparent. The euglobiilin is 

TADIA: II. SEKOM PEOTEIS P.^ETITIO.’.’ IS NOKMAL SOBJECTS ANB LS PATIENTS tVlTlI 
Portal Cinsiiosis 
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Invcstigutions bj- clcetrotilioresis aiid tlic failure of attempts to ebangc tbc A/G 
ratio by “cuviromnontal disturbances’" make the former more likely. The re- 
sults presented hero suggest that in eivrhosis a failure in the produetion of ' 
albumin is largely made good by increased euglobutin production. The serum 
cuglobulin is known to bo raised in a number of very different conditions, but no 
common factor has, as yet, licen found A search for other conditions in which 
these two iractions vary invci'sely might further elucidate the problem. 

In the investigation of cases of cirrhosis of the liver, the estimation of 
serum cuglobulin has advantages over the cstimution of total globulin. Devia- 
tion from the normal is larger, and it might be expected to protdde a more 
sensitive index of the abnormal protein metaboli.sm of this disease. Moreover, 
the estimation is simple, and turhidomclrieally tlic measurement can be made 
verj- rapidly. However, a raised scrum cuglobulin should be used with caution 
as evidence of cirrhosis until more precise information is available as to the 
effect of liver diseases on euglobiilin formation. Calculation of the euglofaulin/- 
albumin ratio gives an even greater deviation from nomal but in the intorprota- 
lion of this, other conditions leading to a lowering of the serum albumin must 
he excluded, 

SUMJIARY 

1. Total protein, albumin, cuglobulin, and pseudoglobulin were estimated 
in the serum of thirty-six patients with portal cirrhosis and the results compared 
with those of twenty-four normal individuals. 

',2. Senim cuglobulin was above normal in all the patients with cirrhosis, 
the average value being four times the normal average. 

3. Serum pseudoglobulin was within the normal range, but the average was 
raised ; this rise was significant 

4. The serum cuglobulin and tiie eugiobulin/albumin ratio may provide 
niore sensitive indices of disordered protein formation in.this disease than the 
total globulin and the A/G ratio. 
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ANOXIA IN MALAEIA 

An Experimental Study on Ducks 

H. H. Eostorfer and E. H. Eigdon 
Little Eock, Ark. 

I T HAS been suggested that anoxia is an important factor in the mechanism 
of death in acute malaria. This theory was based upon a studj" of Plasmodium 
falciparum infection in a child,' Plasmodium knowlsi infections in monkeys, (2) 
and Plasmodium lophurac infections in ducks.^ Eecent studies have shown that 
transfusions udll prolong the course of malaria in ducks but that they do not 
prevent the ultimate deatli of the birds from this disease.'* The temporary im- 
provement of the host following transfusions apparently results from a decrease 
in the anemia. Hill“ concluded from her study on pigeons infected with 
Plasmodium relictum that death resulted from the anemia. Hewitt,® however, 
has stated that “No definite correlation has thus far been noted between the de- 
gree of anemia and fatal infections, except in the ease noted above.” 

The relation of anemia produced by the malarial infection has been corre- 
lated in this study witli the inability of the host to survive a diminution of 
oxygen pressure at simulated altitudes. It has also been observed that death is 
related to the severitj' of the anemia and is not directly related to the total 
number of parasites present at any time during the disease. 


METHODS AND MATERIALS 


Plasmodium lophxirae was used in this study to infect j'oung white Pekin 
ducks and jmung chicks obtained from a commercial hatchery. Parasites used 
for the inoculum were obtained from highly parasitized donor birds. The blood 
was mixed with an equal volume of a 2.0 per cent sodium citrate solution in 
physiologic saline. The parasitemia was followed by counting the number of 
parasitized cells per 500 red cells. Smears were stained ■(vith a combination 
of Giemsa and Wright stains. Standard methods were used in counting the 
red blood cells. Young erythrocytes were differentiated from adult red cells 
by the dark staining of the cytoplasm and the round nucleus. 

Simulated high altitude was obtained by evacuating a tank of a capacity of 
4 cubic feet ■with a vacuum pump. The rate of ascent and the levels of altitude 
were regulated by a needle valve through which a constant flow of air was ad- 
mitted. The tank was equipped with a sight glass through which the birds were 
carefully observed during the entire experiment. Light was furnished by a 60- 
watt bulb located inside the chamber. The temperature of the interior was 
controlled by partially immersing the tank in a water bath and by permitting 
water to flow over the upper half. The average temperature was 28° C. The 
rate of ascent was 1,600 feet per minute during the first twelve minutes and then 
600 feet per minute 'until either the desired altitude or the lethal altitude was 

reached. 


From the Departments of Physiology and PathologJ'. School of Medicine, University of 

Arkansas. journal Series. University of .Arkansas. 

AWed by a grant from the John and Maiy R. Markle Foundation to the Department 

of Pathology. t 

Received for publication, June 2,. 194a. 

S60 



ANOXIA IN MALAHli 


861 


EXl’ERIMENTAI. 

1. A Comparison of the Lethal Simulated Altitudes for Normal and 
Malarial Infected Birds . — In the firet series of experiments a total of sixty-four 
norma! ehieks and thirty-seven chicks infected with malarial blood were placed 
in the decompression chamber from twenty-four to seventy-two hours following 
■inoculation. They were decompressed at the rate given, until all the malaria- 
infected chicks were dead. In eveiy instance the malaria-infected birds .sue- 
cambed both at a lower altitude and following a shorter interval of exposure 
than did the nonnal controls. Noma! birds died from anoxic anoxia with convul- 
sions of a clonic type. The, first simiploms of anoxia were sleepiness and inability 
to hold up the head. As the simulated altitude increased, the chick’s head fell 
slowly to the floor, whereupon it was jerked erect. These movements 'were re- 
peated, As the anoxia increased, the head was thrown rhythmically from side 
to side. This was the first sign of convulsions. If the bird was disturbed at 
this time, cither by one of the other chicks or by movement, the final convulsions 
occurred immediately, while if the bird was undisturbed, the final convulsion 
did not occur for a minute or two. All deaths in normal and malaria-infected 
birds were the result of respiratory failure. 

In a second series of experiments a total of twenty-sLx malaria-infected 
ducks and fifty-seven normal controls were placed in the decompression cham- 
l>er. • The behavior of tiie ducks was similar to that of the chicks tvith the e-x- 
eeption that the symptoms of anoxia, convulsions, and death occurred at a 
higher simulated altitude in the ducks than in the cliielvs. 


U NORMAt 
mrccreo 


DUCKS 



Ul 


I ’ W / 1 

DAYS ATTCR INOCUI.ATJOH 


r. 1 ,, , 1. — A comparison of the resistance to anoxia of malaria~infected and nonlnfected 

ducks. The resistance to anoxia, plotted on the ordinate, is calculated by multiply- 
tn ® altitude in feet times the total duration in minutes to which the bird was exposed 
“ cause death. 


The average results of these two series of c-vperiments are shown in Pig. 1. 
“resistance to anoxia,” which is the product of the average simulated 
at which convulsions and death occurred times the duration in minutes 
this altitude, decreased with the daily progression of the infection. Since 
“0 e,xperiments were terminated at the time of death of the last malaria-in- 
weted bird in the chamber, when approximately all the norma! controls were 
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Still alive, the level of resistance to high altitude of the normal birds only appears 
to fall on each successive day. , Actually there was no appreciable decrease in 
resistance of the noiinals in tliis slrort interval. The parasitemia progressed 
rapidly from the third to the fifth day and death usually occurred by the 
sixth or seventh day of tlie disease. 

2. The Ejf'cct of Simulated Altitude on the Course of Malarial Infection in 
Birds . — ^Normal ducks were decompressed to a simulated altitude of 20,000 feet 
and Icept at this altitude for three or four days. Tliey developed a polycythemia 
of 4 million red cells in comparison to the normal of 2.5 million. The peak of 
the polycythemia was reached in three days when the ducks were kept at a 
leA^el of 20,000 feet. 

In a third series of experiments, eiglit duclrs were inoculated with malaria . 
and the group was dmded. One-half was placed in the decompression chamber 
and slowly decompressed to approximately 20,000 feet. The second half was 
kept at normal atmospheric pressure. Red cell counts, the number of young 
cells, the degree of parasitemia per 500 red cells, and the total number of 
parasitized cells per cubic millimeter were followed daily for five days in all 
of these birds. The average results obtained in tliis study are shown in Pig. 2. 



Fig^. 2. — A. comparison of total red blood cell counts, total parasitized cell counts, total 
nonparasitized cell counts, total young cell counts and the total nonparasitized adult ceiis 
of, A, a group of malaria-infected ducks kept at atmospheric pressure and, B, a group oi 
malaria-infected ducks kept at simulated altitude of 20,000 feet for five days. 

The total red cell count in Fig. 2 shows an increase on the second day and a 
subsequent fall thereafter in the birds kept in the chamber and also in those 
kept at normal atmospheric pressure. The rate of drop is considerably greater, 
however, in the latter group. The total number of parasitized cells is one-third 
greater, in those birds kept at high altitudes when compared with those kept at 
normal atmospheric pressure. The total number of unparasitized cells decreases 
sharply in both gi’o.ups as the disease progresses. The complete loss of these cells 
seems evident from the rate at which they disappear, as shown in Pig. 2. The 
formation of young cells is more rapid in the birds kept at high altitude. It wfil 
he noted from these data that the increase in number of the new cells m the 
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birds at siimilatcd altitudes 1ms not prevented tlie rapid disappearanee of the 
old cells, and furthermore, these young: cells cause the apparent slower rate 
of fall in the total number of remaining normal cells. It will he noted also that 
the rate of disappearance of adult eiytlirocytes is no greater in the birds at 
simulated altitude than it is in those birds kept at norma! atmospheric pressure 
even though the total parasite count is higher in the former group. 

Si.x ducks in anotlior c.xpcrimcnt were infected with malaria and four were 
taken to a simulated altitude of 20,000 feet. On the fifth day two of these 
birds were removed from tiie ehambci-. The total red cell count, the degree of 
parasitemia, and tlie total mimher of parasitized ceils per cubic millimeter were 
followed in each of these duclM during tlie entire course of tiie disease. 




DAYS ArTER INOCULATION 


I. 3.“-a co)n[>arl5oii of tlu* tottil red blood cell counts and total parasitized cell counts 

? i^^l^-fla-infccted Ouclt hept *it .itinospbrnc pressure until death iind, D, a malarla- 
‘fifeclpd (hick 3<opt at «n nltJ.udi.* of 20,000 fret until death 


fn b'ig. 3 are shown tiie total number of red cells and the total number of 
parasitized cells in one of these ducks which died in tlie chamber at a simulated 
altitude of 20,000 feet and corresponding data on a control duck with malaria 
^ept at atmospiicric pressure wliicii died on the same day. The malaria-infected 
bird kept at noimal atmosplieric pressure has less than half the total number 
“f parasitized cells at the peak of the infection as compared with the bird kept 
at iiigh altitude. Purtherniore, onc-third more red cells was destroyed in the 
bird kept at high altitude in the same length of time. The total number of 
parasitized red cells is approximately twice as great at tlie peak of the infection 
'a the bird in the chamber as it is in the bird at atmospheric pressure. The 
total number of red cells in both birds falls to an extremely low level at the 
t'mo of death. It may he as low as 200,000 or 300,000, or about one-tenth the 
Porjual count. 

There were two ducks that survived the infection ; one was kept at norma! 
atmospheric ’pressure and the other was removed from the chamber on the fifth 
™y after the inoculation. The data on these two birds are shoira for comparison 
'a Pig. 4. The number of parasitized red cells was somewhat higher in the bird 
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removed from the chamber. The level of the parasitized cell count at the depth 
of the anemia was approximately the same in the two birds and the rate of 
recovery was the same. The number of red cells destroyed between the peak 
of the infection and the time at which the smallest number of red cells was 
present is considerably greater in the bird which had been in tlie chamber than 
it is in the bird kept at atmospheric pressure. 



. Pis. 4. — A comparison of the total red cell counts and the total parasitized cell counts 
of, A, a duck kept at normal atmospheric pressure and, B, a duck kept at an altitude of 20,000 
feet for the first five days after the Inoculation. 


DISCUSSION 

The results obtained in the first series of experiments indicate that birds 
with a mild malarial infection are definitely unable to withstand severe anoxia 
such as occurs at simulated high altitude. These birdi were not obviously sick 
from the infection on tlie first, second, or tliird day after inoculation. , The 
parasitemia was low on the third day in comparison with that at the peak of the 
^ infection. It, is obvious, therefore, that ducks may show the effect of anemic 
anoxia before they reach the terminal stages of the infection. The sequence of 
the development of the symptoms of anoxia and the first indications of the con- 
vulsive state in the birds infected with malaria are identical to those occurring 
in birds not infected with malaria, except that the onset occurs in the former 
group at a lower altitude and after a shorter period of exposure. Ducks and 
chicles show the same sequence of development of symptoms to anoxia except 
that the first appearance of symptoms in the ducks occurs at higher altitude. 
It appears that the decrease in resistance to anoxia as observed in malaria- 
infected birds is the result of the inability of the oxj'gen transporting sj'stem 
to meet the increased demand accompanying the decrease in oxygen partial 
pressure. 

The response of the erythrocyte-forming system in malaria-infected birds 
kept at normal atmospheric pressure is less than it is in infected birds kept at 
simulated altitudes. As a result of this earlier stimulation of the erythropoietic 
■ tissues the red blood cell count in the latter birds remains higher for a longer 
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period and t!ie number of parasitized cells likewise inci'cases. This increase in 
the number of parasitized cells may be explained by tlie fact that the parasites 
have a greater opportunity to parasitize red cells in the polycythemic birds. 
If the number of parasites decreases following the peak of the infection only as 
a result of phagocytosis by macrophages as recently stated by Taliaferro,' it 
would appear from our study that the phagocytosis of the parasitized cells is 
greatly diminished in the birds kept at high altitudes compared with birds kept 
at normal atmospheric pressure. The observation made by one of us that the 
course of the parasitemia in ducks infected with P. lophurae may be changed 
by transfusion with normal duck blood would suggest that factors other than 
immunologic ones play a .significant role in the mechanism of the diminution 
in the number of parasites in this disease.* It also has been shown by Me- 
Dougall* that the parasitemia in birds may be modified by inducing a state of 
hypoglycemia. 

It would seem to us that the bird-s that survive a severe malarial infection 
may do so because the anemia develops slowlj' enough to cause a change in the 
environment that is unfavorable for the multiplication of the parasites before 
the anoxia resulting from the anemia becomes lethal for the host. If the de- 
crease in the number of parasitized red cells were parallel to the decrease in the 
total red cell count, no biid would survive tlie infection. The fall in the number 
of parasitized cells is sharper than the fall in the number of red cells, as shown 
in Fig. 2. 

The anemia in the chicks and ducks used in this study is e.xtremoIy severe 
during the terminal stages of the disease. The great increase in the total num- 
ber of parasitized cells in the birds kept at simulated altitudes did not produce 
an earlier death of the host. The failure of death to occur earlier in these birds 
would suggest that death in malaria is not dependent upon the total number 
of parasites present nor is it the result of a toxin produced by these parasites. 
It has been suggested that the plugging of capillaries by parasitized cells is an 
important factor in the mechanism of death in malaria.” It might be supposed 
that in the presence of an c.\ccssivc number of both red cells and parasitized 
cells in the birds kept within the decompression cliamber that capillary ohstruc. 
tion would occur earlier in the course of the disease. The plugging of capil- 
laries by emboli, how'ever, has not been observed in histologic studies made by one 
of us (B. H. E.) in eases of either malarial infection in man or experimental 
aiitmals. 

The data reported in this paper appear to lend support to the opinion that 
anoxia plays an important role in the mechanism of death in acute malarial in- 
fections,’-' The ducks in this study developed an anemia of such severity as to 
produce anemic anoxia preceding death. Furthermore, anoxia may be present 
m the. malaria-infeeted ducks before the anemia becomes marked. This is 
indicated by the early death of the malaria-infected bird when placed at simu- 
lated high altitudes. 

In considering the role of ano.xia in acute malarial infections in man it 
should be remembered that the infection is accompanied by elevated tempera- 
tures and that the increment of oxygen utilization follows the normal Q,„ for 
biologic reactions. The strain on the oxygen transporting system may be in- 
creased by the elevated temperature and contribute indirectly to the anoxia 
produced by the acute anemia. 
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1. The resistance of ducks and chicks infected with malaria to" anoxic 
anoxia is less thah that of normal birds. 

2. The increase in susceptibility to anoxia increases as the malarial infec- 
tion progresses. 

3. Ducks with a polycythemia develop an extremely high total parasitized 
red cell count which may he double that occurring in malaria-infected birds 
Icept at normal atmospheric pressure. 

4. All birds develop a severe anemia preceding death. The total red cell 
count may reach a level of from 250,000 to 300,000. 

5. It is suggested that the few birds in this study that survive the inoculum, 
fatal for the majority of ducks, may do so because the rate of decrease of the 
number of parasitized cells does not parallel the fall in the total red eeU count 
during the tei-minal phase of the infection. 

6. The experimental observations made in this study support the opinion 
that anoxia is a significant process in the mechanism of death in liirds infected 
with P. loplmrae. 
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ATTEMPTED TEANSMISSION OP HUklAN LEUCEMIA IN MAN 

J. B. Thiersch 
Adelaide, South Australia ' 

T he problem of leucemia has been widely discussed in Porkner ’s monograph. 
The Leukaemias and Allied Disorders,^ a book in which is summarized our 
knowledge of human and animal leucemia up to the year 1937. The advanced 
state of research into leucemia in mice and fowls, and the postulation of their 
principal identity with human leucemia because of clinical, symptomatologic, 
and morphologic analogies, makes it desirable to investigate the main features 
of leucemia in human beings. One important problem is that of the tra^- 
missibility of human leucemia. In mice and guinea pigs leucemia can readily 
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be trnii.siiiitlftl with colluliu- iiiiitcrial in iiiliretl strains, aiul it was in tJiis iray 
that tlie fifst diffienUira ol' tvansmission were ovcvcorae. Aeeoi-cling to this 
experiment one would expect to have the best prospects of a take in man in 
transmission expcriinenta in lencemie fumilies or children o£ leneemic parents 
with leneemic material taken from a spontaneous ease of leneemia of one of 
the niombcis of the family or parents. Until now no family or children with 
icucemia have volunteered for .sneli an obsen-ntion and the studies to ho de- 
scribed were coudneted strietly on i>alients with a life prospect of two years or 
less. Ill niieo, leneemia can be transinittcd by intravenous, svibeiitaneons, or 
iiitraimisciilar iiijeelioii of blood or other ectlular leneemia material. In fowls 
Icucemia can even be transmitted witli cell-free material. In linmaii heing.s 
there arc only a few reporl.s of intravenous injection of leneemia blood into 
other men. 

Porkiicr-iiiciitioii.s Scluiiiter’' olio injected, without re.sult, the blood of n 
patient witli chronic inj’oloid leueeinia into three patients with careinoiiia 
and also the blood of a man with acute leneemia into another patient with ear- 
cinoraa. Moewes' attempted traii.siiiis,sion with blood serum from a imticnt 
witli leneemia into one witli erythremia. Jlinot and Isaacs* transfused a 
patient with "oneralized lymplmsareomalosis with leneemic blood without re.snlt. 
Gamble* tried, without effeel, to transmit lyiiiphatie leneemia to a patient with 
myeloid leucomia by injecting 5 c.e. of blood intravenously. Gramen' acoi- 
dentally used a donor for blood transfusion who a few days later developed 
acute leneemia; the reeipicut did not develop leneemia. K. Gosio* transfn.scd 
into a patient with ebronic lymphatic leiicemiti larprc tjnantitie.s of blood from 
a patient with chronic myeloid icucemia with a high leucocyte emint of 200,000 
and 300,000, reapcctivcly. He studied the effect of the tran.sfnsion on the lymph 
nodules of the patient, talcing biopsies at intervals. He reported proliferation 
of the histiocytes, increased retieiilum fiber formation, .and finally a tendency to 
seaiTiiig with repression of the leueemie infiltrations. 

All these observations gave negative evidence without finally dis])roving 
the possibility of transmission. It was decided, therefore, to carry out similar 
inyestigntioii.s ttsiiig a larger number of individuals. 

ATinJIPTED TUAKSMISSIOX TO PATIENTS WITH aAHCINOM.V AKb OTHER CHRONIC 
I)1SEAS^^S WITH A LIFE PROSPECT OF LESS THAN TWO YEARS 

yec/un’^Re.— ColluliU* suspensions of a lymph nodule oi* blood fi'om the liv- 
ing patient or of suspension of splenic material (spleen removed post mortem) 
were injected subeutaiieously. Ten grams of tissue from l.vmph nodule or spleen 
were ground with sterile sand and diluted with 30 c.e. of physiologic saline .solu- 
tion, The resulting suspension was spun for a few minutes at low speed and 
2 c.e. of the supernatant emulsion containing miinerous intact cells were injected 
subeutaneously into the forearm. The material n-sed for injection was always 
fresh and wa.s injected between twenty minutas and one hour after it had been 
taken from the patient. ‘ Post-mortem cxaminatioim were conducted immediately 
after death of leueemie patients and in eases of niiavoidahle delay in siihsetjucnt 
treatment, the spleen was kept at 4° C. after it was removed from the body. 

material inoculated was bacteriologically sterile. The bloods of the rccijiieiits 
were e.vamined before the inoculation of the leueemie material, daily afterward 
for a week, then periodically weekly, and after three months of observation, 
periodically monthly. Whenever possible a post-mortem examination was con- 
'hictod on all patients inoculated. 
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So fax’, all results have been negative, possibly because most of bur patients 
already bad carcinoma, slight infection, etc. These negative results do not 
mean that leucemia is not transmissible ; they show only that our trials were 
unsuccessful and that the technique and conditions should he altered. 

The following are the protocols; 


Protocol 1. — Woman, 46 years of age. Acute myeloblnstic leucemia. Wiife blood cells 
on day of death, 800,000 cubic millimeter; hemoglobin, 2.9 Gm. per cent. 

Fresh material from the spleen was injected into five patients within twenty minutes 
of the death of the leucemic patient, eacdr receiving 2 c.c. .subcutaneously in the forearm. 


AGE 



DE.tTII AFTER 

(YR.) 

SEX 

SITE OP NEOPLASM 

INOCULATION 



(DAYS) - 

59 

M 

Carcinoma of peni.s 

26 

58 

M 

Sarcoma of shoulder 

1.8 

4;! 

F 

Carcinoma of breast 

39 

45 

F 

Carcinoma of breast 

88 

82 

F 

Sarcoma of pelvis ' 

31 

lick cellular 

suspension from 

the spleen kept for one hour 

at 4° C., 2 C.C., were 


jected subcutaneously into the forearm. 


AGE 

(.YK.) 

SEX 

NATURE OP niSE.VSE 

76 

F 

Diabetes mellitus 

73 

F 

Diabetes mellitus 

38 

F 

Pernicious anemia 

16 

F 

Aplastic anemia 
Pernicious anemia 

53 

F 


PBATU AFTER 
INOCULATION 
(MO.) 

28 •- 
24 

12 • 

8 

14 


The spleen vas kept !it 4° C. overnight and was fre.shly ground up before injection; 
2 c.c. of the cellular emulsion were injected .subcutaneously into the left forearm. 


AOE 

(YR.) 

SEX 

SITE or LESIONS 

DEATH AFTER 
INOCULATION 

RESULT P.JI. 

33 

F 

Carcinoma of cervix 

33 days 

Negative 

58 

F 

Carcinoma of bowel 

30 days 

Negative 

45 

F 

Carcinoma of cervix 

6 mo. 

Negative 

80 

F 

Carcinoma of bowel 

26 mo. 

Negative 

41 

F 

Carcinoma of cervix 

6 mo. 

Negative 

67 

F 

Carcinoma of cervix 

5 mo. 

Negative 

77 

F 

Carcinoma of uterus 

2 mo. 

Negative 

61 

F 

Carcinoma of breast 

2 mo. 

Negative 

Negative 

45 

F 

Carcinoma of cervix 

6 mo. 

68 

F 

Carcinoma of stomach 

20 days 

Negative 

Negative 

Negative 

62 

F 

Carcinoma of pancreas 

2 mo. 

68 

F 

Carcinoma of breast 

Still alive 
after 28 mo. 

54 

JI 

Carcinoma of skin 

2 mo. 

Results of blood 

67 

M 

Carcinoma of stomach 

6 mo. 

and spleen ex- 
aminations en- 

52 

M 

Carcinoma of stomach 

1 mo. 

79 

JI 

Carcinoma of skin 

Still alive 1 

after 28 mo. 

tirely nega- 
- tive; post- 

. 01 

W 

Sj-philis 

Still alive 
after 28 mo. 

mortem exami- 
nation could 

62 

il 

Carcinoma of rectum 

7 mo. 

not be per- 

37 

IM 

Carcinoma of bladder 

4 mo. i 

formed 


In all the.se cases clinically there was no increase in the leucocyte.s ; regional, lymph node 
and splenic enlaigcment did not occur. 

irROTOCOL 2. — ^Slan, 55 years of age. Subacute myeloid leucemia. White blood cells on 
dav of death, 650,000 per cubic millimeter; hemoglobin, 4.2 Gm. per cent. Spleen lomovcd 
five minutes after deatli; cellular emulsion inoculated twenty minutes after death. Two cubic 
centimeters subcutaneously injected into the forearm. 
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ACE 

(TK.) 

47 

49 

51 

es 


SKS 

M 

M 

M 

F 


70 F 


60 M 

74 M 

S8 M 


KATORE OF DISEASE 

Heart failure 
Ifcarl failure 
Aneur>*ftm of aorta 
Carcinoma of skin 

Carcinoma of skin 

Carcinoma of akin 

Carcinoma of tonsil 
Carcinoma of nose 


DEATH AFTER 
INOCULATION 

7 mo. 

13 days 
20 days 

Still alive after 
28 roo^ 

Still alive after 
28 mo. 

Still alive after 
28 mo. 

30 days 
23 mo. 


RESULTS 


Entirely 

negative 


Protocol 3. — Boy, 12 years of age. Acute myeloid Icucemia. White blood cells on day 
of death, 1,200,000 per cubic niilUmetcr; hemoglobin, 3.0 Qna. per cent. Spleen removed ten 
minutes after death; inoculation iweuty-threo minutes after death. 

J?EX N.VTUUE OF WSKAfiC RESULTS 

F Carcinoma of skin "i At post-mortem exaciiaatioa twenty-sbe 

F Carcinoma of skin y months after inoculation no sign of 

j leuccmta 

1*R0TCC0L 4.—Woman, 52 years of age Chronic myeloid leucemia with acute cxacerba' 
tjon. 'White blood cells, on day of death, 720,000 per cubic millirooter; hemoglobin 3,8 Gm. pci 
<’Cnt. Spleen removed two minutes after death; inoculation eighteen minutes after death. 


ACE 

(YR.) 

67 

SI 



BEX 

if 


NATUUn OP VTREASr RESULTS 

Coronary occlusion At post-mortem examination 14 months 
after inoculation no signs of a leucemia 


la tUe following cases material from Icaccmic patients was injected intravenously. 

Protocol 5. — ^Blood from a patient with acute lymphatic leucemia, man, S7 years of 
J'ge, blood Group A (II), with general enlargement of all Ijanph glands, tumor of the 
Juediastinutn and spleen, was injocted intra'cnously into two patients with carcinoma of the 
esophagus. Wliitc blood cells on day of donation, 87,000 per cubic millimeter; hemoglobin, 
6.7 Ooj. per cent. 

(1) Man, 55 jears of ago. Carcinoma of esophagus. Blood Group A (II). 

(a) Injection of 50 c.c. of leueemic blood (white blood cells, 87,000). 

(b) Injection eight days later of 80 c.c of leucemie blood (wliite blood cells. 
52,500). Death of patient occurred fourteen days after the first injection; at post-mortem 
examination no abnormality \yas detected. TUo daily blood examination until death and also 
the grosg and microscopic necropsy exaniinationa of the tissue were entirely negative. 

(2) Man, 02 years of age. Csircinoma of esophagus. Blood Group A (11). Injection 
60 c.c. of Icuceralc blood (white blood cells, 83,000). Death of patient three days latcr. 

l^ily blood examinations and post-mortem findings were negative. 

Protocol C.— 'Woman, 36 years of age. Chronic myeloid leucemia. Blood Group B 
(Hi). White blood cells at time of injection, 279,000 per cubic millimeter; hemoglobin, 
•-8 Gm. per cent. Intiavenous injection of 30 c.c. of leuceraic blood into a man, 60 years 
of age, Group B (III), suffering from coronary thrombosis with partial occlusion. Weekly 
blood examination did not show any abnormality tor seven months. At post-mortem exaraina- 
boa there was no evidence of leucemia. 

I’norocoL 7. — Man, 51 years of age. Cliromc myeloid leucemia. Blood on the day of 
•■cmovul of lymph nodule showed white blood cells, 48,090 per cubic millimeter; hemoglobin, 
^■43 Gra. per cent. An enlarged lymph nodule the sise of an almond was removed with 
sterde precautions under local unestiicsia. Tlic nodule was gound up with sterile sand and 
.&ahae. I'lie mixture was ."ipun at low speed and tlic supemataot cellular emulsion used for 
'Ejections, 

Two patients received 2 c.c. of the cellular emulsions subcutaneously in the forearm. 

(1) Woman, 01 years of age. Carcinoma of th© face. 

(-) lYomnn, 82 years of ago. Carcinoma of face. 

Iherc ivafi no evidence of leucemia after thirty six and thirty-four months of ob'^ervntion. 
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p 
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P 

5 

1 

F 

46 

Acute 

njyoloblastic 

6 daj’.s 


Suspension 
of splenic 
material 

2 

2.9 

! 

•soo 

1 


■ 


2 

1 


2 

M 

55 

Acute 

myeloblastic 

122 day.s 


Suspension 
of splenic 
material 

2 

4.2 

650 

8 


1 

o 

10 

77 

i 

3 


M 

12 

Acute 

myeloblastic 

2 daj's 

* 

Suspension 
of splenic 
material 

2 

3.0 

1200 

4 


1 


1 

95 

1 

4 

F 

52 

Chronic 

myeloid 

1,3/1 2 mo. 


Suspension 
of splenic 
material 

o 

.3.S 

720 

16 


4 

I 

3 

72 

1 

u 

M 


Acute 

lymphatic 

25 da.vs 

S da.v.s 

Blood 

oOf 

SOf 

6.7 

ST 

1 

99 

- 

B 

i 

— 

H 

() 

■ 

■ 

Chronic 

m 3 'eloid 

14/12 mo. 

201/12 mo. 

Blood 

1 50 

7.S 

279 

■ 

■ 

2 

3 

56 

0 

"" 

1 

1 

51 

Chronic 

mj'eloid 

21/12 mo. 

5/12 mo. 

Suspension 
of lymph 
nodule 

2 

3.43 

48 

1 

1 

4 

6 

12 

70 

■6 


ATTEMPTED TRANSMISSION TO OTHER PATIENTS \VITH LEUCEMIA ' 

An attempt was made to transmit myeloid leucemia to patients witli lym- 
phatic leucemia and vice versa in order to see , wliether patients mth one type 
of leucemia are susceptible to the other type. 

Technique . — The blood of patients with chronic leucemia was used for 
transmission at a time \vlien the white blood count was high, liver, spleen, 
and glands were generally enlarged, and just before treatment was necessaiyl 
the recipients were generally in a relatively good state of health, their chronic 
leucemia being reduced to a considerable degree by previous irradiation and 
aisenic therap 3 ^ This arrangement was adopted in the hope of enabling the 
respeeth'c transmitted cells ,to gain a footing in the body. Blood was trans- 
mitted onlj" within the same blood group or with compatible blood groups. Both 
patients were brought together, and 6 c.c. of blood was taken e.xtravenously 
from the florid leucemia with 0.6 c.c. of 2 per cent citrated saline ; it was im- 
mediately injected intravenouslj’ into the recipient (within a minute after it 
was drawn). The full blood count of donor and recipient was done at the time 
of transmission, and both were examined weekly during the following months. 
All patients involved in the study were under continuous supervision for more 
than twelve months and had had previous full blood counts done at weekl.v 
intervals. 

Experiment 

1. jMan, 36 j-ears of ago. Chronic mj-eloid leucemia for thirt.y-fivc months ; 
white blood cells, 122,000 per cubic millimeter ; hemoglobin, 7.9 Gm. per cent ; 
poljTuorphonuclears, 27 per cent; mjmlocytes, 33 per cent; myeloblasts, 21 per 
cent; eosinophiles, 2 per cent; and basophiles, 16 per cent. This patient was 
used as a donor for a man, 45 years old, who had chronic Ij'mphatic leucemia of 
Ihii’teen months’ duration; hemoglobin, 9.2 Gm. per cent; white blood cells, 
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11,000 per cubic millimeter; pol.vmorplionudears, 10 per cent; lymphoblasts, 90 
per cent. The patient had just completed a course o£ deep s-ray ihorapy over 
spleen and thorax. 

2. Woman, 30 years of nsc. Chronie myeloid kueemia for sixteen inontb.s. 
While blood cells, 95,000 per cubic millimeter; polymorphonuclears, 30 per cent; 
myelocytes. 41 per cent; myeloblasts, 11 per cent; cosinophilcs, 1 per cent; 
basopbilas, 14 per cent; nucleated red.'), 3 per cent. This woman served as 
donor for u man, 53 years of ape, willi chronic isunpliatic leucemia of thirteen 
months* dui'ation. Ilcmoplobin, 1064 Gm. per cent; Avhito blood colls, 5,300 
per cubic millimeter; polymorphonnelcars, ;i4 per cent; lymphoblasts, 40 per 
cent. The p.aticnt had just completed a course of deep x-ray therapy two duy.s 
previously. 

3. Man, 03 ye.avs of age, Gbronic lympliatic icueemia for twcul.v-six 
mouths. White blond cells, 90,500 per cubic millimeter; hemoglobin 10.82 Gra. 
per cent ; polymorphonuclears, 7 per cent , lymi)!ioWast.s, 93 per cent. Ho served 
as a donor for two patients ; 

(a) Woman, 3G years of age. Chronic myeloid kueemia for 19 moutlis. 
Ikmtiglobin 8,20 Gm. per cent ; white hlood cells, 51.500 per cubic miUimetcr; 
pol.vmorplionuelcars, 54 per cent . myelocytes, 31 per cent ; myeloblasts, 7 per 
cent ; co.siuophiks, 1 per cent; and basopblles 7 i>cr cent The patient liad just 
coraplckd the last treatment of a deep x-ray course of tliernpy. 

, (b) Man, 42 years of age, COironic myeloid icueemia for forty-eight months. 
Hemoglobin, 0.8 Gm. per cent; white hlood cells. OB.OOO per cubic millimeter; 
polymorphonuclears G2 per cent; myeioeytes, 30 per cent; myeloblasts, 3 per 
rent; b.viopliiles, 5 per cent. The patient bad completed the Inst treatment of 
a deep x-ray course of therapy .sLx da.v.s previously. lie had slight palpitation 
and sweating three minutes after the transmission but svalked home unaided 
aftcrwai-d. , 

4. Man, 03 years of age. Chronie lymphatic Icueemia for twenty-six 
months. Hemoglobin, 10.92 Om. per cent , white blood cells, 95,000 per cubic 
millimeter ; polymorplionuelears, 7 per cent ; lymphoblasts, 93 per cent. Tins man 
served as a donor for a youne woman, .32 years of age, who bad had clivonio 
'Uiyeloid Icueoinin for nineteen months, Hemoglohiii, 9.5 Gm. per cent; white 
Wood cells 28,000 per cubic milluneter; polymorphonuclears, 45 per cent ; myclo- 
r.rtes, 41 per cent; myclobasl.s, t per cent: cosinophilcs, fi per cent; and 
tesophiles, 7 per cent. The patient had completed the latest course of iiwadia- 
tion therapy on the same day. 

5. Man, 53 yeai-s of age. Chronic lymphutie Icueemia for eleven months. 
Hemoglobin, 30.G8 Gm, pel" cent; white Idood cells 15,000 per cubic millimeter; 
polyamrplionuclears, 15 per cent ; lympltobla.sts. 8.7 per cent. He sers-ed a.s a 
donor tor a man, 36 year's old. with chronic myeloid kueemia of thirty-six 
raonth.s’ duration. Hemoglobin, 1.3.1 Gm. per cent : white blood eclLs, 13,500 per 
cable millimeter; pol.vmorplionuelears. 75 per cent; myeioeytes, 5 per cent; 
arycloblasts, 1 per cent; basophik-s. 16 per cent; lymphocytes, 2 per cent; and 
cosinophilcs 2 per cent. 

Rf.siiKs of /nfMfjffOtioa.— -Six months after the .attempted tramsmissions, 
Hici'c was no evidence of success, I,ymphatie Icueemi.a did not develop ill iia- 
Hcnk with myeloid kueemia, nor did myeloid leneemia develop in patients with 
Emphatic kueemia. Between forty and fifty days after the transmissions, all 

one patient showed a flare-up of his respective type of kueemia without 
cay apparent rea,son .and without .showing increased number of cells in tlie blood 
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characteristic of the transmitted type.. This was remarkable in view of the fact 
that three of the patients had previously had rather regular intervals between 
the relapses of their chronic leucemia. The patients used to come in at three-, 
five-, and six-month intervals, respectively, for treatment, ' and now all came 
between the fortieth and fiftieth day after the experimental transmission. One 
would go too far in saying that the flare-up after fifty daj's was due to the 
transmission, because unexpected things happen always in leucemias, and com- 
mon colds or other factors might have been responsil)le. Normal blood given in 
transfusion usually has the opposite effect and is freqiiently of beneficial effect 
in leucemia. 
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3 

48 

15 

DO 

344 

424 

5 

F 

32 

Chronic 

myeloid 

Clironic 

myeloid 

Chronic 

lymphatic 


28 

45 


6 

7 

41 

1 

19 

l5i 

6 

M 

36 

Chronic 

lymphatic 

B 

13.1 

75 

2 


16 

5 

1 

36 

6^ 
























































ATTraiTO® T!U^'f^JIISSIO^■ OF IIUJIAX I.KUCBMU IN .MAN 873 

The fate of the recipients anil donors is recorded in Tables II and III, 

Conoi’s and recipients had deep x-ra^- and arsenic therapy in the six months 
folloiving tile transmissions according to the state of their health or whenever 
necessaiy. 

DISCUSSION 

IVhereas in fowls and mice Icncemia can readily he transmitted in sus- 
ceptible strains and only a ininiinal amount (one leiicemic ceil) of ieneemic 
material is necessary for a successful transmission, all attempts of previous 
workers and the ones described hcrctvith in man hai-c failed. So far no trans- 
mission of leucemia from man to man, using blood, Ijinph nodule, or spleen, has 
been established. The reason for this failure might be sought in the following 
factors: 

A. (1) In the technique employed. The assumed leucemic agent might 
also not be able to contact sufficient susceptible cells of its own type, that is, 
cells of the bone mnrrojv or lymph nudnles, by the subcutaneous or intravenous 
routes which were employed for the attempted tran.miiBsions. The agent of hu- 
man leucemia might he e.xtremol.v sensitive and not suiwive the procednre of 
transmission, 

(2) In the material used. Whole blood, l.vmpii nodules, and spleen might 
not be suitable for transmission in that they might either contain no Icueemic 
o^iit or have it only in an inactive form. 

(3) Time of observation. The time of observation in many cases was eer- 
lainly very short, hiit even twcnty-sevcii months might not be sufficient time for 
die agent to establish itself and produce a leucemia. 

(4) The choice of hosts. 

(a) As only peopJo with a life prospect of under two years were available 
and all suffered from incurable diseases, tbc recipients could not bo regarded 
as “virginal organisms,” These patient.s might have had sufficient antibodies 
to prevent a take. 

(b) The recipient might also have had a natural immunity, might have 
WongecJ to a nonsusccptible strain of man, or misht have had an acquired im- 
munity protecting him against an.v leucemic agent. 

B. It also might be that human leucemia, contrary to aniraal leucemia, can- 
aol be transmitted and therefore all attempts sverc useless from the start. 

The fact that even material fvom acute leucemias would not produce reac- 
tions in tlie recipients is remarkable as one would expect that this type of 
Hticemia with its fulminant course would be the easiest to transmit. 

Of all the factors mentioned, the difficulty of obtaining suitable hosts and 
the apparently unsuitable routes are the most important and may certainly he 
responsible for the negative results of the transmission attempts. 

‘ SUJIMARV 

1. Attempts were made to transmit leucemia from man to man. 

2. Material used consisted of blood and Ijmiph nodular and splenic emul- 
dens of chronic myeloid, lymphatic, and acute leueemias. 

3. Attempts were made with whole blood to crosi-transmit chronic myeloid 
leiieemia to patients with chronic lymphatic Icuecmia and vice versa. - 

4. All transmission attempts from man to man and cross-transmissions he- 
iteea patients with leucemia failed with a period of observation of two years. 
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5. The explanation is regarded to be mainly due to unsuitable yeci])ients 
and unsuitable route, of ti’ansmission. 

G. The studies brought forward no evidence that luiman Icucomia is'ti-ans- 
missible. 
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HEMATOLOGIC VALUES OF AMERICAN SOLDIERS 
STATIONED IN THE TROPICS 

Captain Eric Denhoff 
Medical Corps, Army of the United States 

T his paper is the result of _a survei' of blood counts on American soldiers 
3vho have been stationed on tropical islands for tiventy-four months. An 
unusual opportunity to study one group over a long period was afforded because 
the majority ivas from one task force." The survey ivas initiated because fre- 
quently medical officers ivould remark that “each month the- red blood cell 
count seems to be loiver and the incidence of eosinophilia increased. ’ ’ If this is 
time, then it would be a significant indication of the health of soldiers who have 
been garrisoned almost continuousli^ on tropical islands since March, 1942.. 


MATERIAL AND METHODS 

The material for this studj' ivas selected at random from the laboratory 
and clinical records of an Ai-mj’- hospital stationed on islands in the South and 
Southwest Pacific theatei-s of war since March, 1942. Data ivere collected from 
July, 1942 (six months after the group selected for study had left ‘the con- 
tinental limits -of the United States), to Januaiy, 1944. The studj^ ivds arbi- 
trarilj' divided into three periods of six months each. Period I includes those 
studied from July, 1942, to Januarj*, .1943 ; Period II, from January, 1943, to 
July, 1943; and Period III, from July, 1943, to Januaiy, 1944. The same 
controls were utilized during the three periods. A comparable control group 
3 vas studied in Januaiy, 1945, eleven months after the completion of this re- 
port.' , _ 


Received for publication. May 23, 3945. 

•Two exceptions were (1) an organizaUon that .served one and one-half years In Panama 
and (2) one that served a year on another South Pacific island prior to joining the task force. 
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The same laboratory teclmieians performed the Wood counts during the 
entire period of study. The fallquist lieinoKloljin scale (15.8 Gm. of hemoglobin 
per 100 c.e. of blood) was the only method available for dcteiminiiig liemo- 
slobiu. An cosinophilc count of 9 per cent or more was considered abnormal. 
Ail the patients had one or more .stool examinations if eosinophilia was present. 

The majority of all those studied lived in the northern United States prior 
to overseas duty. During Period I, all were garri.soncd on a large base island 
in the Sontli Pacific; during Period Tl, a large portion of patients studied were 
subjected to .severe comhat experience, during Period III, all studied were 
stationed on an isolated island in the Sontlnvesl Pacific Imt were not engaged 
in combat. 


RESULTS 


Enjthror.ijtB Counts und Ilcmoghbin llitcnmnution . — During Period I 
(iluiy, 1942, to January, 1943) tlie histories of 142 patients who had been 
stationed in the Tixipies for six montii.s were reviewed. The average oiythrocyte 
count was 4,710,000, while the average hcmoglohin determination was 8S per 
cent. Bacillary dysentery and acute infections hepatitis were the main causes 
for admission. 


Daring Period II (January, 1943, to July, 1943) the histories of 211 
patients who had been stationed in the Tropics twelve months were reviewed. 
The average eiythrocyte count was 4,500,000, and the average hemoglobin 
determination was 86 per cent. Rcspiratoiy diseases, bacillaiy dysentery, and 
malaria were the main causes for admis-sion. 

During Period HI (July, 1943, to Januar.v, 1944) the histories of 302 
patients who had been stationed in the Tropic.s ciglilecn mouths were reviewed. 
The average erythrocyte count of tlic group was 4,390,000, and thelivorago hemo- 
globin determination was S4 per cent. Filariasis and malaria were the main 
causes for admission (Tabic I), 

Controls.— A group of healthy soldiers selected from the hospital per- 
sonnel, who suffered no illness requiring hospitalization during the period of 
observation, w'as utilized as controls. Coniplcte blood counts are available 
ou 14, made shortly after they arrived in the Tropics, The average erythrocyte 
count was 4,970,000, while tlie average henioglohiii was 95 per cent. Complete 
hiood counts were performed on 19 others after the.v had been garrisoned, in the 
South Paolfie for one year. At that time the average erythrocyte count of the 
33 was 4,770,000, while tlie hemoglobin average was 91 per cent. At the end 
of two years the average crytlirocj'tc count of the 33 was 4,400,000, with a 
hemoglobin average of 84 per cent* (Table II)- 

dncmia.— During Period I, 1 (0.7 per cent) patient of 142 studied was 
'iassified as having “borderline" normocytie anemia. No one in the control 
scoop tvas anemic. During Period II, 13 (6 1 per cent) of 211 patient.? studied 
u'cre‘ classified as having normocytie anemia. Similar findings were obtained 
UI 2 (6 peb cent) of 33 controls In Period III. 29 (9.6 per cent) of 302 patients 
uere classified as having normocytie anemia, W’hiie 3 (9 per cent) of 33 controls 

had similar findings (Table 111)1 

Efucoexju and Differential Counts.—Wbite blood cell and differential leuco- 
'Sle counts in bacillary dysentery, acute infectious hepatitis, malaria, dengue, 


•At thp t'nd of three tn the tronkF. a compamWe but aot iapntical Kroup of control?! 

’ '‘f» epythrocs'tc the htnioclobln average was Si per cent. 

111 the group was ancniSe. 
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table I. Average Erythrocyte Counts and Hemoglobin Determinations on Patients 
Stationed in the Tropics Prom July, 1942, to January; 1944 


PERIOD 

DISEASE 

NUMBER 

OP OASES 
STUDIED 

R.B.C. 

(IN 

MILLIONS) 

HB. 

' (%) 

PERCENT* 
OP GROUP ■ 

Period I 

Dysentery, bacillary 

23 

4.69 

86.9 

16.2 

(Patients 

Peptic ulcer 

8 

4.68 

88.8 

5.6 

in Tropics 

Hepatitis, infectious 

28 

4.96 

88.2 

20.0 

from 6 to 

Neurosis (aastric, cardiacl 

13 

4.64 

86.9 

9.1' 

12 months) 

Malaria, primary attack 

13 

4.49 

86.1 

9.1 


Respiratory (atypical 
pneumonia, bronchitis) 

9 

4.63 

88.3- 

6.3 


Allergic (asthma, 
dermatoses) 

11 ' 

4.72 

88.5 

■ 7.7 ' 


Arthritis 

5 

4.28 

■ 86.0 

3.5 


Miscellaneous (including 
surgical cases) 

26 

4.7g 

92.1 

18.3 


No disease found 

6 

4.45 

82.5 

4.2 


Summary 

142 

4.71 Av. 

88.0 Av. 

100.0 

Period U 

Dysentery, bacillary 

23 

4.63 

84.4 

10.9 

(Patients 

Peptic ulcer 

12 

A.'i." 

85.4 

5.7 

in Tropics 

Neurosis (gastric, cardiac) 

14 

4.66 

87.5 

6.6 

from 12 to 

Malaria, recurrent 

20 

4.69 

86.7 

9.5 

18 months) 

Respiratory (atypical 
pneumonia, bronchitis) 

29 

4.64 

86.7 

13.7 


Allergic (asthma, 
dermatoses) 

16 

4.75 

89.6 

7.6 


Intestinal parasites 

(hookworm, whipworm) 

10 

3.89 

81.5 

• 4.7 - 


Dengue 

4 

4.70 

86.2 

2.0 


Renal (pyelo-nephritis, 
lithiasis) 

16 

4.55 

80.9 

7.6 


Miscellaneous (including 
surgical cases) 

57 

4.47 

87.6 

27.0 ' 


No disease found 

10 

4.73 

90.5 - 

4.7 


Summary 

211 

4.56 Av. 

86.0 Av. 

100.0 

Period m 

Dysentery, bacillary 

2 

4.50 

82.5 

.7 

(Patients 

Peptic ulcer 

3 

4.56 

80.0 

1.0 

in Tropics 

Neurosis (gastric, cardiac) 

11 

4.30 

81.8 

3.6 

from 18 to 

Malaria, primary attack 

16 

4.54 

34.6 

5.3 

24 months) 

Malaria, recurrent attack 

13 

4.42 

85.0 

4.3 

Respiratory (atypical 
pneumonia, bronchitis) 

4 

4.12 

76.2 

1.3 


Allergic (dermatoses, 
intestinal parasites) 

9 

4.27 

78.8 

3.0 


Pilariasis 

70 

4.31 

84.2 

23.2 


Arthritis 

2 

4.20 

80.0 

.6 


Miscellaneous (including 
surgical cases) 

124 

4.46 

84.8 

41.1 


No disease found 

48 

4.35 

32.9 

15.9 


Summary 

302 

4.39 Av. 

84.0 Av. 

100.0 


•For statistical reasons average red Wood cell counts and hemoglobin determinations for 
each period are calculated on a percentage basis. 


dennatoses, intestinal lielininthiasis, and filariasis — diseases commonly encoun- 
tered in these theaters — did not differ from established values and are not pre- 
sented. 

Eosinopliilia . — ^During Period I, of 142 patients studied, 1 (0.7 per cent) 
with hophworm disease had an eosinophile count of 9 per cent. During Period 
II, of 211 patients studied, 7 (3.3 per cent) had an eosinophile count of 9 per 
cent or more. Eosinophilia was present in two patients with hookworm disease 
and in one with periarteritis nodosa. It was unexplained in 4 patients. During 
Period III, of 256 patients studied, 26 (10.1 per cent) had ah eosinophilia. 
Eosinophilia . was present in patients with malaria, dennatoses, intestinal 
helminthiasis, and filariasis. Eosinophilia was unexplained in . 9 , patients 
(Table IV). . 
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table 11. ESYrimoCrrE and llEMOULOBlIf PETEEJIIKATIO.V.B on HtLVLl’lIV SoLDIEBtS 
Garmeoked in the Tropics Over a Peeioo op Two Ye.iks 



SIX MQ.VTIIS OR 

LESS 

OSX YE.\P. IK 

TWO YEARS 

IN 


XN TROPICS 


TROPICS 


TBOnCS 



n.B.c. 

HB. 

R.B.C. 

HB. 

R-B.C. 

HB, 


{IN 

U‘v:r 

(W 

(PER 

(IN 

{PER 


. MILLIONS) 

CENT ) 

MILUOKS) 

CENT) 

MILLIONS) 

CENT) 

1 

5.0 

95 

4,7 

85 

4.8 

100 

2 

5.0 

100 

3.8* 

65* 

4.0 

SO 

3 

5.0 

90 

4.9 

90 

4.3 

SO 

4 

4.7 

90 

4.1 

80 


so* 

5 

4.7 

00 

4.5 

05 

4.5 

S5 

(i 

5.0 

300 

50 

95 

4.2 

S.7 

1 

5.0 

100 

5.2 

100 

4.5 

SO 

S 

4.8 

00 

5.0 

300 

5.0 

Ofi 

s 

4.9 

QTf 

5,0 

95 

4.7 

sr> 

10 

4.9 

100 

4.G 

90 

4.4 

S5 

11 

■ 5.Q 

100 

5.0 

90 

4.3 

on 

12 

5.0 

90 

4.2 

S5 

3.S* 

TO* . 

12 

5.2 

100 

3.7* 

65* 

4.3 

S5 

H 

5.5 

300 

5 7 

100 

4.1 

90 

13 



4.7 

90 

4.8 

90 

26 



40 

85 

4.7 

85 

17 



4.G 

93 

4.4 

90 

IS 



4.7 

93 

4.5 

85 

19 



4.4 

8S 

3.9* 

70* 

20 



5.0 

95 

4.2 

.85 

21 



5.2 

100 

4.5 

SO 

m'l 



5.0 

lOu 

3.0 

00 

23 



5.0 

95 

47 

85 

24 



4.6 

90 

4.4 

85 

23 



5.0 

90 

4.3 

90 

20 




JOO 

4.1 

90 

27 



4.8 

95 

4.3* 

75* 

2ft 



5.2 

100 

4.3 

SO 

29 



4.7 

90 

4.8 

SO 

30 



4.7 

90 

4.5 

90 

31 



4.9 

95 

4.2* 

7a* 

35 



5.1 

100 

4.9 

100 

_33 



4.9 

00 

4.4 

S5 

«iT4i, 


TOTAL 


TOTAL 


U 

4.97 

93 33 

4.77 

91 

33 4.40 

84 


'JleearOed fl.*t havine an anemia. No 

orc.^nlc reai*on 

roultl 

bp found. 



In order to clarify the higher incidence of cosiuophilia during Period HI, 
Ihose studied during that period were divided into two groups: (A) those who 
had been garrisoned on filarial-frce islands and (B) those who had been stationed 
for one year prior to joining the task force on an island where fiiaviasis was 
endemic. (Previous observations on soldiers with filariasis' led us to e-Npect a 
higher incidence of eosinophilia in that group.) Of 100 patients in Group A, S 
per cent) had eosinophilia, while of 156 in Group B, 18 (11.5 per cent) had 
similar findings. Patients with eosinophilia in Group A had malaria, dermatoses, 
or bookwork infection, while in Group B, except fox filariasis, eosinophilia could 
oot be explained. These patients were admitted for inguinal hernia, impact 
'Oolars, penile ulcer, acute infectious hepatitis, otitis externa, pharj-ngitis, 
'ollulltis, and f uruncidosis, 

Differential leucocyte counts on 282 healthy soldiers were utilized as con- 
irnfe. These men were also divided into two groups: (0) those garrisoned on 
marial-free islands and (D) those exposed to filariasis. In Gronp C, 5 (3.5 per 
c tut) eosinophilia,* while 40 (28.1 per cent) of 142 in Group B 


stall. 'SfimE January, 1845. eleven months otter teavlnE the IslanU where the hosDital ™ 
tw Cnrlns Perloa III, eoelnophlle counts were performed on 70 healthy soldiers. nU trom 
SWnal Group O. These men were nil hosplpO personnel who had come .overseas ns a 
\Sl\ ™ Match, IDK, They had been garrisoned almost continuously on tropical Islands since 
S?up“hS wla important -hoeauae it wan. BOW deBnltely taowu that th^e TOUtrol 

Island lived in proximity ° masse to niariasls on another 

2 IWS.i Of m contro eosinophilia of 0 per cent of more; 

disease, and ' while in S the eosinophilia was un- 

even after careful slsrns or sjuuptoma of 
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Table III. Anemia in Soldiers Stationed in the Tropics 


■ PATIENTS 


controls 




NUM- 

INCI- 


R.B.C. 



NUM- 

INCI- 

E.B,C. 

i • - 



BER 

dence 


(IN 

HB. 


BER 

DENCE 

(in 


PERIOD 

TOTAL 

WITH 

(PER 

disease 

MIL- 

(per 

TOTAL 

WITH 

(PER 

MIL- 

(per 

1 

CASES 

■ A’UEMIA 

cent) 


UONS) 

CENT) 

CASES 

Al^EMIA 

cent) 

lions) 

jCENT) 


I (July- 
Jan., 

1943) 142 

1 

No disease found 

r 

0.7 

4.0 

70 

14 

0 

0 

— 


II (Jan.- 


Dysentery, bacillary 

3.7 

65 

33 

2 ' 

6 

. 3.8 ■ 

65 

July, 


Malaria, recurrent 

3.5 

60 




3.9 

65 

' 1043) 211 

13 

6.1 Amebiasis 

4.1 

65 




■* 




Varicose veins 

3.0 

75 








Hookworm 

3.4 

75 








Hookworm 

3.4 

75 








Hookworm 

3.7 

SO 








Hookworm 

3.7 

SO 








Dysentery, bacillary 

3.7 

65 








Dysentery, bacillary 

4.1 

65 








Neui-asthenia 

4.1 

65 








Malaria, recurrent 

3.5 

60 








Appendicitis 

3.7 

65 






in (July, 


Neurasthenia 

3.6 

75 

33 

3 

9 

, 3.7 

80 

■ 1943- 


Neurasthenia 

3.9 

75 




3.8 

70 



Neurasthenia 

3.6 

75 






Jan., 


Malaria, primary 

3.9 

70 




i9 

, 70 

1944) 302 

29 

9.6 Malaria, recurrent 

3.1 

55 








Malaria, recurrent 

3.6 

70 








Malaria, recurrent 

3.9 

75 

‘ 







Dermatoses 

3.9 

70 






' ^ 


Dermatoses 

3.7 

70 






' 


Dermatoses 

3.8 

75 








Dermatoses 

.3.5 

70 








Respiratory 

3.9 

70 








Eespiratorj' 

3.7 

70 








Respirator}' 

3.9 

70 








Anemia 

3.7 

75 








Myositis 

4.0 

70 





■ ' 



Otitis media 

3.6 

70 








Hepatitis 

3.9 

75 








Fracture 

3.8 

75 








No disease found 

3.6 

75 








No disease found 

3.6 

75 








No disease found 

4.1 

60 








No disease found 

4.0 

75 








No disease found 

3.6 

75 








No disease found 

3.4 

65 








No disease found 

3.7 

75 








No disease found 

3.6 

65 






- 


No disease 'found 

3.8 

75 








No disease found 

3.9 

70 
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Table IV. iNanEXcE of Eosinophilia (9 Pep. Cent ok More Eosinophiles) in American 

Soldiers in the Tropics 


PERIOD 

TOTAL 

CASES 

TOTAL CASES 
WITH 

EOSINOPHILIA 

INCIDENCE 

EOSINOPHILIA DISEASE 

(PER CENT) 

NUMBEr. number OF 
OF CASES WITH 

CASES eosinophilia 

I 

142 

1 

0.7 

Hookworm 

1 

1 , 

11 

211 

7 

3.3 

Periarteritis nodosa 1 

1 





Hookworm 

15 

2 

' 




Miscellaneous 

18 

4 

III 

256 

26 

10.1 

Malaria, primary 

16 

O 





Malaria, recurrent 1?> 






Dermatoses 

6 

. 1 





Ilookwonn 


o 





Eilariasis ' 

70 

in 





Miscellaneous 

148 

0 
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had similar findings. In .summation, 13 (,'i.4 per cent) of 240 soldiens (patients 
and controls) not exposed 1u filnria.si.s iiatl cosiiiopliilin ronijiared witli 58 (19.4 
per cent) of 288 who were e.xposcd to tiic disease (Table V). 


Taple V. KosiKOpjiifrA Amkrican SofWfnti Exposed to Filahusis CompafvCd to Those 
, XOT BXfoSPD 


PEIDOD ill 



NUMBER 

NUJIRER OP 




or 

CASES AVITIt 

INCIDENCE 

GEOUr 

DISEASE 

CASES 

EOSlNOPIIILlA 

(PEB CENT) 

A, P«{jcnts nc\or ox- 

Jfiilnrjn, prinitin* 

1<5 

2 


poor'll tn filnrinsis 

Malann. renirrmt 

IT 

2 



normatoip*? 

<T 

1 



IIookwonM th’sease 


2 




ti'Z 

1 


Total 


ion 

S 

R,0 

B. Patients cx'poscil to 

Filariasis. clmioal 

70 

10 


tH.'irm'tiR 

Mifico11anf*ou‘*t 


8 


Total 


IdC 

18 

11.0 

C. Ifealtliv soMiers not 


140 

5 

■MEIkiHl 

GXRosed to fiiariasi? 





P. HenUliy poltliorfi ex* 

Ko «»i)rns 

14X’ 

40 

2S.1 

l*osevi to filaria<!iM 





Total 





Tho«g not exposed to 


240 

1.^ 

5.4 

fiiariRais 





Those exposed to filar- 


2BS 

58 

19.4 

iasis 






fllseaae found. 

tlnculnal hernta. impacted nioinrs. penUe uWr. acute Jnfftclioxta hepatttifl. otttls externa, 
i’«Hiyng:Uh, ccHulUli*. funmcuio'.i'. 


DISCUSSION 

II is generally believed that in the Tropies one may e.xpect to develop 
anemia. The reasons uanally ascribed are vague and the term “physiologic 
anemia” is used. E.xcept for tlic high incidence of anemia dno to parasitie 
infestations and dietary deficiency, the causes for llii.s finding in indigent popnla- 
iions are similar to those which occur in persons living in a temperate climate. 
It is difficult to conceive that the causes for anemia in American soldiers in the 
I'ropie.s w'ould bo comparable with indigents because of entirely different dietary 
and sanitary habits. Still, this report indicafas that erythrocyte and hemo- 
globin values on soldiers who have been garrisoned continually in the Tropics 
“'’cr a two-ye.ar period are below the stated normal limits for young healthy 
niaies.^ Although red blood coll counts are lorver than normal, the actual in- 
cidence of anemia is negligible. It is important to determine if these findings 
“tc significant. 

There are several possible explanations for lowered erythrocyte-hemoglobin 
'■ahics, such as chronic blood loss, iron defieienej', nutritional defidenoy, altera- 
tions in the physiologie state of the body, or normal en-or in the erythrocyte 
count. There is increasing evidence that a diet deficient in iron docs not pro- 
dnce iron-deficient anemia except in the presence of increased needs for iron, 
Soeh as growth, pregnancy, or blood loss. In the Tropics iron-deficient anemia 
could be due to diminished or defective gastric secretions, but HeatV emphat- 
fcoiiy states that although inadequate iron absorption may be a complicating 
lactor, blood loss in a subtle or chi-onic form can always be demonstrated. 
Ifalaria, amebiasis, hoolavorra disease, and the entcritides, diseases which repre- 
sent a goujj portion of oar study, are Imown to be associated with blood loss. 
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Lack of thiainiiie, riboflavin,- and ascorbic acid may be contributing factors to 
defective blood f ormation."* " • 

Statistically, the data accumulated on the patient group are not significant, 
since the number of cases studied is small and not identical in each period, and 
the severity of illnesses is not kno-svn to be comparable. It is assumed that the 
anemias reported in this group were secondary to the diseases. However, the 
data collected on the control group are significant. At the end of two years 
of tropical service, 18 (54.5 per cent) of 33 healthy soldiers had a substantial 
reduction in erythrocyte and hemoglobin values. These men were carefully 
studied, but no organic basis could be found for the low values. Eush'^ selected 
14 of this group (Cases 1 to 14, Table II) and carefully .studied their dietary 
habits. He found that the diet as served was adequate, but over 90 per cent 
of the gi’oup were eating meals inadequate in one or more essential food elements 
in that primary dietary deficiencies of calcium, thiamine, riboflavin, and ascorbic 
acid were revealed. On the other hand, iron and protein ingestion was ade- 
quate. All had weight loss during a six-month period (July, 1943, to January, 
1944) and 12 had a reduction in i-ed blood cells and hemoglobin. Specific 
causes for the loss or decrease in hematologic values were lacking except on a 
nutritional basis. Many possible factors seemed contributory. The most im- 
portant perhaps was the monotony and lack of palatability of the food. Many 
complained of loss of energy, sleeplessness, and irritability (common complaints 
of soldiers in the Tropics) which could be explained by the continued tlireat 
of enemy bombing, heat and humidity of the jungle, isolation from civilization, 
and homesickness. At least one multivitamin tablet a day was added to the diet 
of these men, but there was no apparent increase either in weight or erythrocyte 
values during their stay in the jungle. 

This same group of men moved to another island in March, 1944, where 
living conditions and food were much better. In addition, they all had a 
furlough to Australia. In a study of a comparable (but not identical) group 
in Januarj^ 1945 (thirty-six months of almost continuous tropical service), 
the average erythrocyte count was 4,700,000 and the average hemoglobin de- 
termination was 84 per cent) The majority had returned to normal weight, and 
their complaints of the previous year were long forgotten. However, although 
their erythrocyte coimts approximated normal, the hemoglobin values did not 
change. It seems as though a multiplicity of secondary factors which contribute 
to poor nutrition may be one reason for the “low normal” erythrocyte values. 
Quinacrine hydrochlorida (atabrine) taken in suppressive doses since June, 
1943, may be contributory. Physiologic changes that occur in the Tropics, such 
as those which increase blood volume, could be the prime factor. It has not been 
possible in this study to find any specific cause for our observations in healthy 
soldiers. 

If the reasons postulated are true, then our data on patients gain more 
significance. As a broad general rale, soldiers have not developed anemia in 
diseases one commonly expects them to. Undoubtedly, earlj’- and specific therapy 
fin malaria, helminthiasis, and gastrointestinal disorders minimize blood loss. 
This observation has been repeatedly, checked during the past three yearn of 
tropical service. Many patients with these diseases have had several blood 
coimts performed at intervals during their hospitalization. Although severe 
anemias have been found, especially in those with malaria due to Plasviodnim 
falciparum, the data collected convinces one that anemias are not the rale. It 
seems plausible 'to conclude that the same factors affecting the control group 
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aft'cct the patient group. More detailed study o£ larger control groups will be 
nccessarj' before any accurate conclusions can be reached concerning specific 
causes for the observation reported in this paper. 

The increasing incidence of eosinophilia presents an interesting problem 
because it is in the allergic and nonbactcrial diseases that eosinophilia occurs. 
After troops have been stationed in the Tropics for two years, the incidence of 
eosinophilia (fl per cent or more) was 10.1 per cent compared with an incidence of 
4.4 per cent in ambulatory patients studied at the Indianapolis City Hospital.' 
Data comparable with onrs are reported by Allen,' who studied patients admitted 
to a Navy hospital in the South Pacific. He felt the increasing incidence was 
due to hookworm disease. The main reason for the uicrcase of eosinophilia 
in onr study was filariasis. Tliis is best e.vemplificd in the group of healthy 
soldiers studied during Period III (Table V). jVIthough the group exposed to 
filariasis had no evidence of the disease, the mcidenee of eosinophilia was 
significantly increased over tliose not e.xposed. 

Une-xplained eosinophilia is not an infrequent finding in soldiers stationed in 
the Tropics. Allen' feels that in most instairccs, if the patient with eosinophilia 
is studied long enough, a parasitic infection is usually found. Because infesta- 
tions are usually slight, manifestations may not appear for long periods of time, 
although eosinophilia, art allergic manifestation, develops early. Since Allen's 
report was read, 272 patients with an eosinophilia of 9 per cent or more have 
been carefully studied. Statistical data are not included in this report because 
groups are not comp, arable in that the majority spent less time in the Tropics 
and were garrisoned in Australia between combat missions. Although they wez-e 
hospitalized for a wide variety of reasons (traumatic wonnds, psydioneuroses, 
gastrointestinal complaints, arthritis, etc.), 55 were found to have hebninthiasis, 
and in 52' others, symptoms were suggestive, but the patients were evacuated 
to rear areas before tiiey could be studied adequately. Detailed data will be 
reported at a later date. In onr control gi-onp of hospital personnel who had 
been in the Tropics thirty-sb: months, w'ho have been garrisoned on an island 
where helminthiasis was hyporendomid in Periods I and II, and who were 
possibly exposed to filariasis during Period III, only 5 (7.3 per cent) had an 
eosinophilia, the cauae.s for wliich were evident in 60 per cent. 

SUM3IABY AND CONCLUSIONS 

1. Blood counts are reported on 655 American soldiers who were admitted 
*0 an Army liospitai in the South and Soiitliwest Pacific theaters of war. 

2. The study was initiated after troops had been garrisoned in the Tropics 
Ot least sis months and was divided into three six-month periods. Control 
groups of healthy soldiers were utilized. 

3. A slight but progressive decrease below erj-throcyte and hemoglobin 
values usually considered normal for young healthy males occurred. The ui- 
oidenee of true anemia was sligiit, even in those having diseases in which anemia 
is commonly found. 

4. Possible reasons for these findings are discussed, but specific evidence fol- 
low normal irnlues is lacking. Conditions which occurred on an isolated post 
in a forward area seemed to har-e played an important role. 

5. A marked increase in the incidence of eosinophilia has been noted. The 
oiain causes are parasitic infestations and dermatoses. 

6. A high incidence of eosinophilia was found in healthy soldiei-s who were 
«po.scd to filariasis hut had no clinical evidence of the disease, Thi.s finding is 
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significant because4t suggests that many soldiers are being exposed to diseases 
in which allergy may be an important factor. Because of minimal infestation; 
symptoms nsuallj^ ascribed to these diseases may never become manifest. 
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LABORATORY METHODS 


THE IKIIIBITIOX ZONE 'I’KCJIXIQI'B POU DI5TEKM1NAT10N OP 
liACTEElAL RESISTANCE TO I’ENlCIUjlX 

Eii:utk.va.\t Colonei^ J!ax Levixk, Sanitary Corts, Akiiv op the Uniteu 
States, and Cni.(i.s'i.T. Ai.PiiKu K Thomas, Jii.. .Mkdipai, Corps. 

PiVITCO KTATI-S Arma' 

P EXICILEIN iissiiy bj’ the iv'.’ar pliite inetlmil is based on t!ie jU’inciplc tb.ii 
i£ a stip«!atcd volume ot penicillin is placed on the surface of an ag’.ir 
plate seeded with a susceptible organism, tlie zone (area) of growth inhibition 
will be a direct function of the i-oneenl ration of peiiieiiiin empio.ved. Tiie cup 
methods of Abraham and co-workers' ami of ifostcr and Woodrufl',^ (he filler 
disk methods of Vincent and Vincent'' anil of Sherwood, Palco, and dcBeer/ 
and the loop technique of Thomas, I^evine, and Vitagliauo' are cxamplc.s of the 
application of this principle. In penicillin assay, the test organism and 
volume of penicillin .solution apjdicd to the siirl'iiee of a seeded plate arc innin- 
fained constant, the concentration of penicillin being the variable to he mens- 
nved. Jn a proviou.s rommiinieation we have pointed out that if both the 
voUuiie and coneentrafion of penicillin applied arc maintained coa.stant, while 
the orgiinisin employed as a seed is varied, tlie growth inhibition zone pro- 
duced will he an inverse function of the resislanee of flic test organism. It 
was suggested tliut auch a procedure would be more convenient and expedi- 
tious than the ratlier cumher.soine .serial dilution methods for evaluating bae- 
lerial resistance to penicillin. Responses to these suggestions indicate tiie <Ie- 
.'irability for elaboration upon tbe basis of the proposed technique and appii- 
eatiot).s in the clinical iahoratovy. 

OP RESiSTAyCIJ Op AN TO PENfCILMN' IN’ lIIlOTtT ANt) 

;'Oa\i>« of tmow'vii iNinmrioN’ op acar 

, Foi' tile pui'iiose of tiie foiiowin" rcpoi'l, rebinffince of t£^t 
(fitaphyJocoeci) is expressed izi teriRS of tlie lulniinum coiiccHtzvitiozi of peni- 
cilHii empioyed iviiieh pi'eveuied jn’Owth and the maximum eoneeutratiou wineh 
pei’itiitted growth, in beef extract brotii, after t\vei\ty-foxu' hours at 37 C. 

if an orgauisui {rrew iu broth eontaiuiiisr 0,02, but not if 0.04 Oxford uuit 
of penieillin was present per cubic eentimeter of medixuu. its resistaiiee is ex- 
pressed as 0,02 unit positive, 0.04 unit iiejtative 

Yiie ciiitiii'cs emploved eousisted of stapiiyioeoct’i obtained 
fi'onx Kuppuratin"' infections and ^'arinuts of the standard Oxford strain ol 
^^f^ph^iococct/x rtUZTHs, wliich were induced to develop inci’eased resistance to 
penicillin, by serial transfer iu broth contamins progressively inercasin-x nm- 
^iitrations of penicillin. (From a strain of whicli did not grow 

in 0.04 Oxford unit per cuhie centimeter, cultures whieli grew in broth coii- 
taining 0.04 to 2.5 Oxford units per cubic centimeter were obtained after from 
I'vo to fifteen test-tube generat'«nvs.> 

Uj/' Cn«W(I r/.'tlH-r.irojy Si'r%Ic<', nrooltr Uo-tctlnl I-'-'i't Sim rr<m<ti,n. T.-\n«. 

UtcoKfO for fmbliraOott. Jul) t9Z.>. 

figs 
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Penicillin. — The penicillin solutions employed for this study lyere those en- 
countered in routine clinical work diluted- to make concentrations of 10, 5, 2.5, 
1.25, and 0.63 Oxford units per cubic centimeter in phosphate buffer (M/50 
at pH 7.2). All of these penicillin samples, when diluted serially in broth, 
markedly inhibited growth of the Oxford strain of Staph, aureus in a concen- 
tration of 0.02 Oxford unit per cubic centimeter of medium, as did also a 
secondary penicillin standard. When 4 mm. loopfuls of these penicillin solu- 
tions containing 10 Oxford units per eilbie centimeter were placed on agar 
plates seeded with the Oxford strain of Staph, aureus, growth inhibition zones 
of 29 ± 1 mm. in diameter were produced. Comparison with a seeondarj' peni- 
cillin standard * disclosed that all samples were within limits of error inherent 
in penicillin assays and the leeway (± 15 per cent) permitted in army specifica- 
tions. 

Preparation of Plates. — Seeded agar plates were prepared by inoculating 
0.05 c.c. of a 20 to twenty-four hour broth culture of a test organism into 15 
c.c. of melted, cooled (from 42 to 48° C.) agar which was then poured into a 
Petri dish which, immediately after hardening, was placed in the refrigerator 
(from 5 to 10° C.) where it was kept until ready for use (from two to eight 
hours). 

Determinatwn of Growth Inhibition Zones. — A 4 mm. loopful of each of 
the aforementioned concentrations of penicillin was placed on the surface of a 
chilled agar plate which had been seeded with staphylococci of various de- 
grees of resistance (as determined by growth in broth containing known con- 
centrations of penicillin), and the plates were immediately placed in the in- 
cubator at 37° C., taking care to maintain the plates horizontal in order to 
insure development of circular growth inhibition zones. After from eighteen 
to twenty-two hours’ incubation, the diameters of the growth inhibition zones 
were measured to the neare.st 0.5 mm. 

Determination of Inhibiting Concentration of Penicillin in Broth. — ^Beef 
extract broth containing various concentrations of penicillin (2.5, 1.25, 0.63, 
0.32, 0.16, 0.08, 0.04, 0.02, and none) -urns distributed aseptically into test tubes 
(10 c.c. quantities). A tube of each concentration was inoculated with a drop 
.(0.05 c.c.) of a (twenty to twenty-four hours at 37° C.) broth culture of the 
test organism. The inoculated tubes were then placed at 37° C. and vigor of , 
growth recorded after from eighteen to twenty- -two hours’ incubation. 

Table I. Growth Inhibition Zones Produced by Various Concentrations op PENiciiJiiN 
ON Aoar Seeded With Strains of Staphylococci op Varying Degrees op 
Resistance to Penicillin in Broth 


NUMBER OF 


concentration of 
PENICILLIN IN 
BROTH ( OXFORD 
UNITS PER C.C.) 


PERMIT- 

TING 

GROWTH 


PRE- 

VENT- 

ING 

GROWTH 


CONCENTRATION OF PENICILLIN APPLIED (4 
MM. LOOPFCLS) TO SEEDED AGAR (OXFORD 
UNITS PER C.C.) 


10 


1.25 


O.GR 


ZONE OF GROWTH INHIBITION 

(diameter in mm.) 



16 

0.02 


28.9 ± 1.2 

24.6 + 0.8 

20.4 1 1 .1 

15.0 ± 2.5 

10.5 + 2.9 


0 


0.08 

24.6+1.3 

21.311.2 

1 6.9 ± 1.3 

12.012.0 

<5^ 




0.16 

18.9 + 1.0 

15.2 ± 1.1 

11.6 + 1.3 

< 5* 



■' 4 



17.1 + 0..T 

12.3 ± 0.9 

< 5 * 



E 

5 



14.0 + 0.8 

9.9 + 0.7 




•Inhibition zone not distinct. 


Supplied by Merck & Co. Inc., Rahway. M. J. 
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Comparison of hiJiibiting Conceniration in Broth With InhibUhn Zone 
on Agar . — The results obtained -with the foregoing techniques for measuring 
bacterial resistance to penicillin arc summarized in Table I, where (1) the 
test organisms are allocated to five groups on the basis of the maximum con- 
centration of penicillin permitting and the minimum concentration preventing 
g^o^vth in broth and (2) the diametci's of the growth inhibition zones (with 
their standard deviations) obtained on agar seeded with organisms of the re- 
spective gi’oups are shown. 



CeMCtnruAvoN or Penkillm Appucp (omummmn..) 


Fie. l.-Kelatlot> of concentraUon of penicillin to Inhibition cones ?rbrofh 
lococci of various degrees of resistance to penicillin In orotn. 


By plotting the inhibition zones against the concentrations of penicillin 
applied, the curves shown in Fig. 1 are obtained. It will be noted from Table I 
that when concentrations of penicillin of less than 2.5 Oxford units per cubic 
centimeter were used, the diameters of inhibition zones obtained showed a 
I'ather high degree of variability, a phenomenon which is generally the case 
for inhibition zones of less than 12 mm. diameter. It will be further noted 
that when employing a penicillin solution containing 2.5 Oxford units per 
cubic centimeter, the inhibition zones produced with organisms of group D 
(groirth in broth containing 0.16 but not it 0.32 Oxford unit of penicillin per 
''iibie centimeter is present) which are probabl 3 ' at the upper limit of sus- 
ceptibility with present methods of systemic penicillin treatment, the inhibi- 
tion zones are too small for satisfaetorj- evaluation. Even for organisms of 
sronp c (growth in broth with 0.08 but not 0.16 Oxford unit of penicillin per 
oubic centimeter), which are quite susceptible, the inhibition zones produced 
tcitli a loop of penicillin solution containing 2.5 Oxford units per cubic centi- 
meter are in the ran^e of minimum reliabilitj'. It is therefore suggested that 
PenicilUn solutions containing 10 or 5 Oxford units per cubic centimeter 
would be most useful for rapidly determining penicillin sensitivity by the 
method of ascertaining the growth inhibition zones produced on agar plates 
seeded with a test organism. 
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If the growth inhibition zones obtained for the -varions groups of test or- 
ganisms (employing a standard 4 mm. loop of 10 or 5 Oxford units per cubic 
centimeter of buffered peniciiliu solution) are plotted against the resistance 
of the respective groups as shown by grondh in broth with various concentra- 
tions of peniciiliu (for example, the maximum concentrations of .penicillin em- 
ployed which permitted, and the minimum, concentrations which preiunted, 
growth in broth), the curves in Pig. 2 are obtained. Table II was then devel- 
oped from these curves (Pig. 2) and shows the probable concentrations oi‘ 
penicillin (expressed in Oxford units per cubic centimeter) which would per- 
mit or prevent growth in broth, for designated inhibition zones obtained on an 
agar plate seeded with a test organism. 



Fig. 2. — Relation of inhibition zones on seeded agar to resistance of staphylococci to penicillin 

in broth. 

- In practice, knowledge of the exact degree of resistance of an organism to 
penicillin is not so significant as is the information as to whether a susijected 
organism is so susceptible ,(or re.sistant) that the concentration of penicillin , 
maintainable in the blood stream may reasonably be expected to be effective 
(or ineffective) against the organism in question. A concentration of 0.25 
Oxford uiiit per cubic centimeter of blood is maintainable by the intravenous 
drip and intramuscular administration of penicillin. Assuming that an organ- 
ism which grows in broth containing 0.2 Oxford unit, but not in 0.4 Oxford 
unit, of • peniciiliu per cubic centimeter is near the limit of bacterial resistance 
amenable to -the present available, methods for sj^stemic treatment with peni- 
cillin. then, if a 4 mm. loopful of a solution containing 10 Oxford -units of 
penicillin per cubic- centimeter were applied. to a plate seeded with the organ- 
' ism in question, the growth inhibition zone produced would be 15 mm. in dia- 
meter. (If the penicillin solution employed for the test contained 5 Orfoi’d 
units per cubic centimeter, an inhibition zone of 11 mm. would be obtained 
[see Table II]-) 





DETERMINATION Or BACTEBTAL RESISTANCE TO PENICILUN 


TvBLC.II. RCT«^TIo^' OF GuowTH Is'inuiTiox ZoNK ON Ahaf. Skeded "Witii StaI'IIYLOFOCCI 
TO PkoqARI.K CONCEKTnATlOS OF PENICILUN PeRJIIITINO AND PDEVKNTINO 
OROtVTH IN BKOTK 


JO OXFORD UNITS PER C.C. (4 MM. LOOPFULS I 5 OXFORD UNITS PER C.C. (4 MM. LOOPFUES 
APPLIED TO SURFACE OF SEEDED AOAU) 1 APPLIED TO SURFACE OF SEEDED AGAR) 



•To ntarest 0.01 unit 


Our experience 1»RS indieutuii tliat for streptococci (and otlier bacteria 
which do not gj'ow rcadil}* on plain agar but grow well on blood media), deter- 
mination of growth iuhibitiou zones on seeded blood ugar plates yielded very 
satisfactory results. Wlien employing .such plates witli hemolytic {alplia and 
bfeta) streptococci or stapliylococci, tlie area of growtli inhibition is indicated 
liy a zone of iinhemolyzed red cells surronnded bv n narrow clear hemolyzed 
zone due to diffusion of liemolytic agents from the vicinity of bacterial growth. 
With the strains of pneumococci encountered, and employing a heavy' inocuhnn, 
the growth inhibition zone consisted of a serie.s of concentrically ringed bands 
producing a rainbowlike eft‘eet~au area of unhemolyzed red cells surrounded 
a rather wide zone of light greening and henjolysis which was, in turn, 
eirenmscribed by a narrow zone of what appeared to be heavy growth. With 
^ light inoculum this raiubowlikc effect was not manifest. 

In general, if the growth inhibition zone produced by applying a 4 mm. 
loopfiil of a penicillin solution containing 10 Oxford units per cubic centi- 
®eter to the surface of a seeded agar plate is less than 10 mm. in diameter, the 
test organism rvould be considered too resistant to anticipate satisfactory re- 
sults ; inhibition zones of from 10 to 15 mm. in diameter would place the or- 
ganism in a questionable category regarding amenability to systemic peni- 
cilliii therapy; organisms showing inhibition zones greater than 15 mm. in diam- 
eter Would be considered sufficiently' snsceptiblc to w'arrant expectation of 
satisfactory results with the present methods of systemic penicillin therapy. 
II, in the future, higher penicillin blood levels can be maintained than are now 
Irasihle, it will merely bo necessary to increase, appropriately, the concen- 
tration of the test solution (10 Oxford units per cubic centimeter as now 
ricommended) to adapt the proposed method to the new conditions. 
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The inhibition zone technique described herein for determination of bac- 
terial resistance to penicillin is subject to less error, requires no special appa- 
ratus and considerablj’’ less media and equipment, and is not subject to the 
ha2ard of contamination associated with the various dilution techniques; the 
probable degree of resistance can, if necessary, be tentatively determined 
within eight to ten hours after application of penicillin to seeded plates. 


PROCEDURE FOR DETERMINATION' OP BACTERIAL RESISTANCE TO PENICILLIN BY THE 
LOOP growth INHIBITION ZONE TECHNIQUE 

A. Materials needed 


1. Broth (or other liquid medium) culture of test organism (eighteen to 

twentj'-four hours at 37° C.) 

2. Melted agar (15 c.c.) cooled to from 42 to 48° C. 

3. One sterile Petri dish (marked off in quadrants) 

4. Pipettes — 1, 5, and 10 c.c. capacity 

5. Standard 4 mm. loop (preferably platinum) 

6. M/50 phosphate buffer at pH 7.2 (may be prepared by adding 27 c.c. 

KH0PO4 solution containing 2.72 Gm. per liter to 73 c.c. Na2HP04 
solution containing 2.84 6m. per liter) 

7. Penicillin solution .(10 and/or 5 Oxford units per cubic centimeter in 

M/50 phosphate buffer) 

8. Sterile flasks (150 c.c.) and test tubes (about 18 mm. diameter) 

B. Procedure 

1. Preparation of penicillin solutions 

(a) Place 1 c.c. of penicillin (as prepared tor therapeutic use and pre- 
sumably containing 5,000 Oxford units per cubic centimeter) into 4!) 
c.c. of the phosphate buffer (this will make a solution of 100 Oxford 
units per cubic centimeter). 

(b) Add 1 c.c. of this diluted penicillin to 9 c.c. phosphate buffer to pre- 
pare a solution containing 10 Oxford units per cubic centimeter. (If 
desired, a solution of 5 Oxford units may be prepared b.v mixing 
equal volumes of this solution -with phosphate -buffer.) 

Note: In view of the error inherent in penicillin assay and unavailabil- 
ity of penicillin standards for clinical laboratories, penicillin (5,000 
Oxford units per cubic centimeter) solutions employed (diluted 1 :500 
for 10 or 1:1000 for 5 Oxford units per cubic centimeter) should be, 
tested as described below against the Oxford strain of Staph, aureus 
(or other suitable organism). A gro-iyth inhibition zone of 29 ± 1 mm. 
in diameter with a dilution of 10 Oxford units .(or 25 ± 1 mm. with 
that of 5 Oxford units) may be taken to indicate that the penicillin 
solution is within the limits of concentration usable for determination 
of bacterial resistance. 

2. Preparation of seeded agar plates 

Add 0.05 c.c. (or one drop from a 1 c.c. pipette) of a broth culture (from 
20 to twenty-four hours at 37° C.) of the test organism (Staphylo- 
coccus*) to 15 c.c., of melted, cooled (from 42 to 48° C.) agar. Roll 
between the palms of the hands to distribute the inoculum (but avoid 
bubbles if possible) and pour into a Petri dish. ]\Iix, permit to solid- 


•For streptococci (or other organi.sms which do not grow readiiy on nutrient as^ hat 
CTOW luxuriantly on blood media), add from 0.5 to 0.75 c.c. of citrated biood before introducing 
the test organism, and it mav be de.sirable to increase the size of the inocuium to 0.1 c.c. of 
a liquid medium in which the test organism grows well. 
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U'y, and place in the refrigerator just as soon after solidification as 
is feasible. (Seeded plates prepared in this manner may be used after 
from two to eight hours’ cooling, and plates kept in the refrigerator 
for twenty-four hours have given satisfactory results.) 

3. Determination of resistance (growth inhibition zone). 

(a) Remove _ the cooled, seeded agar plate from the refrigerator and 

(1) Wipe off any moisture appearing on the inner surface of the Petri 
dish lid with a clean towel or eloth. 

Note : There were no difficulties due to moisture accumulating on the 
upper lid of the Petri dish, when maintained right side up in water- 
jacketed incubators, and onh’ three instances of inconsequential 
contamination have been noted among over 4,000 bacterial resistance 
tests, when the dishes were wiped as described above. 

(2) JIark off the bottom of the plate into four sectors (if not already 
so marked) and label for identification. 

(b) Place a 4 mra. loopful of a penicillin solution containing 10 Oxford 
units per cubic centimeter on each of two or more of the sectors. (The 
practice in this laboratorj’ has been to employ solutions of both 10 
and 5 Oxford units per cubic centimeter of penicillin, placing a loop 
of each of these on each of two quadrants, to provide a check on both 
the concentration and constancy of loopfuls.) 

Note: In our experience, employing a loop (bent at right angles to the 
wire) inserted into the penicillin solution (preferably in a tube not 
less than 18 ram. diameter), maintaining the plane of the loop ap- 
proximately parallel to the surface of the liquid and quickly with- 
drawing it, in order to obtain a bead of liquid, was found to give con- 
sistent results. 

(c) To cheek the penicillin, 4 mm. loopfuls of the solutions of 10 and/or 
5 Oxford units per cubic centimeter (1:500 or 1:1000 dilutions, re- 
spectively, of 5,000 Oxford units employed therapeutically) should 
be placed on agar seeded with the Oxford strain of Staph, awreus. A 
growth inhibition zone of 29 ± 1 mm. in diameter with the dilution of 
10 Oxford units per cubic centimeter (or 25 ± 1. mm. in diameter with 
that of 5 Oxford units per cubic centimeter) indicates that the peni- 
cillin solution being employed is of suitable concentration. 

(d) Place the seeded Petri dish to which the loopfuls of penicillin have 
been added into the incubator .(right sifie up), taking care to see that 
the bottom of the disli is horizontal in order to insure circular zones 
of growth inhibition. 

C. Examination and record 

!• After incubation overnight (from eighteen to twenty-two hours), measure 
the diameters of the growth inhibition zones to the nearest 0.5 mm. 
(This ‘may be done by placing the Petri dish on a plate counter and 
slipping a thin rule graduated in millimeters \mder it, etching a scale 
on the plate counter, or merely holding up the plate against a light 
and measuring the inhibition zone directlj’ by placing a rule on the 
bottom of the dish.) 

Note: If necessary, the probable zone of growth inhibition may be 
tentatively estimated from eight to ten hours after addition of peni- 
cillin to the plates. 
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2. Kecord, from Table 11, the probable concentrations ob penicillin permit- 
ting and preventing growth in broth corresponding . to the average 
diameter of the inhibition zones obsei’ved. 

SUAUrARY AND CONCI.USIONS ' 

1. The basis of a technique for evaluating resistance of bacteria to peni- 
cillin by determining the zone of growth inhibition when a 4 mm. loopful of 
penicillin solution (10 or 5 Oxford units per cubic centimeter) in plmsphate 
buft’er is placed on the surface of nutrient or blood agar, seeded with a test 
organism, is' developed in detail. 

2. A table is presented which shows the relation of the zone of growth 
inhibition (produced by placing a 4 ram. loopful of a solution containing 10 
or 5 Oxford units of penicillin per cubic centimeter on the surface of a seeded 
agar plate) to the pi-obable concentrations of penicillin which will prevent or 
permit growth of staphylococci in nutrient broth. 

3. The loop growth inhibition zone technique described for determination 
of bacterial resistance to penicillin is subject to less error, requires no special 
apparatus and considerably le.ss media and equipment, and is not subject to 
the hazard of contaminatiou associated with dilution techniques. The resist- 
ance can generallj' be tentatively determined within eiglit to ten hours after 
addition of penicillin to seeded plates. 

4. When employing a penicillin .solution containing 10 Oxford units ])er 
cubic centimeter with the technique de.seribed, growth inhibition zones of le.ss 
than 10' mm. in diameter are considered to indicate that tlie test organisms ai'e 
resistant; organisms producing growtli inhibition zones of from 10 to 15 mm. 
in diameter are considered to be on the border line; and bacteria which show 
growth inhibition zones greater than 15 mm. in diameter are considered to be 
so susceptible as to warrant expectation of a .satisfactory response to pre.sent 
methods of penicillin therapy. 
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A RAPID JIETHOD FOR THE IDENTIFICATION OP 
CERTAIN SULFONAmDE DRUGS 

JIakv C. Dodson, jU.S., and W, R, Todd, Ph.D. 

^ PonxLAND, Ore. 

T he following metliod of identification of snlfonamidc drugs is based on 
previous findings'- = that certain of these compounds fonn crj'stalline cuprous 
complexes wiicn heated in an alkaline copper sulfate solution containing a re- 
ducing sugar. Tile crystals are specific and reproducible for an individual 



aMCTHVL SULTADIAZINC SULFADIAZlME 



iULFAPYRIOtNC MONOMETHYL SU.FADIAZJNE 


Pig. 1. Cuprous-copper sulfonamide compounds (XlOO). 

F’rom the Department of Biochemlstir. University of Orcffon Medical .School. 
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drug and can be prepared in a few minutes. Identification appears to be more 
positive by this procedure than by the method of Sample recently reported.^ 
Teclmiqxis. — Five cubie centimeters of Shaffer Hartman reagent,* 5 c.c. 
of 100 mg. per cent glucose solution, and about 30 mg. of the suKonamide drug, 
are placed in a test tube 1 by 8 inches. After heating the mixture for five 
minutes in a boiling water bath, the crystals fonned are examined micro- 
scopically. Small amounts of cuprous oxide may form with certain of the 
drugs, bid this does not interfere with the crystal examination. 

A description of the crystals is avoided since their preparation is simple, and 
any individual desiring to use this method of identification would undoubtedly 
prepare a series of the compounds to become familiar with their microscopic 
appearance. The structures vary greatly from drug to drug, but under similar 
conditions of alkalinity and concentration any one drug shows a remarkabh' 
constant crj^stal structure. 

Sulfaguanidine and substituted sulfonamides do not react with cuprous 
copper under these conditions; consequently their identification cannot be' 
carried out bj^ this method. Sulfanilamide, sulfathiazole, sulfapyridine, sulfa- 
diazine, mono-methyl sulfadiazine (sulfamerazine) and di-methyl suKadiazine 
(sulfamethazine) are readily and positively identified by the procedure outlined. 

Attempts to apply the method to urine containing sulfonamide drugs have 
been xinsuecessful. 

SUMM.VRT 

, / 

A rapid method for the positive identification of sulfanilamide, sulfathiazole, 
sulfapjmidine, sulfadiazine, sulfamerazine, and sulfamethazine is reported.' • This . 
is done by microscopic examination of the crystalline cuprous complexes of 
these compounds. 
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•Thl.s Is used for simplicity. Other solutions of comparable strength with respect to . 
alkalinit}' and cupric ion are satisfactory'. 


IMPROVEMENTS IN THE FLUORESCENT METHOD FOR 
DETECTING TUBERCLE BACILLI 

Daniel S. Stetons, Ph.D. 

Chicago, III. 

T he fluorescent method for detecting tubercle bacilli has several advantages. 

However, the published directions seem to give slides of varying quality. 
Bodies, other than tubercle baciUi, retain the auramine stain. These artefacts 
interfere with the identification of the tubercle bacilli. 

The present method was devised to overcome these difficulties. This is 'ac- 
complished by blending the sputum with a neutral medium. The blending 

5^m the Department of Medicine. University of Chicago Clinics. 
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IcBds to separate tlic bacilli from the artefacts and make their location easy. 
A good blending agent is a tvatcr solution of methyl cellulose. This is sold 
under the trade name Jlethoccl.* The sales literature describes the properties 
of this material. The various types of methocel have different thickening 
powers. The highest viscosity type 4,000 cps seems to bo the^ost useful for 
the present purpose. 

The quality of the slides seems to be improved by treating the sputum with 
a Avater solution of pancreatic enzymes. The addition of dried bile to the 
enzyme solution may also be helpful in reducing the artefacts. The enzyme 
may act to reduce the artefacts because the latter are fatty substances that re- 
act Avith lipase, or the enzyme may alter the structure of the sputum so that better 
blending results. Good slides can be prepared Avithout the enzyme treatment, 
and users may decide to simplify the method by its omission. 

Complete directions AA’ill be giA-en, Avhich should alloAV ready duplication 
of the results. 

REAGENTS 

Ensxjma ySofiifioa.— Mix 10 c.c. AA-atcr, 0.5 Gm. of pancrcatin (U. S. P.)t 
and 0.2 Gm. dried ox bile.t AIIoav to stand fifteen minutes and filter Avith No. 2 
Whatman paper. 

Blending Solution. — Mix 25 c.c. AA'atcr and 0.5 Gm. of methocel type 4,000 
cps. Boil gently for fifteen minutes and store in a refrigerator until a clear 
-solution is obtained. 

Anramino Stain. — Dissolve 0.1 Gm. of auiumine 0§ in 10 c.c. ethyl alcohol, 
then add 90 c.c, Avater, 

Dustaining Solution. — Add 2 c.c. concentrated HCl to 98 c.'c. Avater. 

PROCEDURE 

Step 1, — Select a small sample of sputum, add an equal A-oliime of enzyme 
solution, and alloAi' to stand thirty minutes. 

Step 2.~Add an estimated 5 volumes of blending solution to the treated 
sputum and stir A-igorously until a smooth mixture is obtained. Spread on the 
slide in a film of medium thickness, coA-ering the entire slide except for one end. 
Air bubbles trapped in the smear disappear in the processing. Proceed to step 
3 Avithout drying. 

Step 3. — Immerse the slide in auramine stain for fiAm minutes. 

Step 4. — ^It is very important to remove all excess stain. The folloAving ' 
method should be carefully folloAved, unless a better one can be devised. 

(a) Immerse the stained slide for five minutes in Avater heated to about 
40“ C. 

(b) Remove the slide, thoroughly stir the material on it Avith a glass 
rod, and allow the slide to dr}- partially for five minutes. 

This Avashing and stirring is repeated until the slide is colorless, except for 
a slight yelloAv haze. The slides usually clear on the sixth Avashing. This 
step ends Avith a final stirring and drying for five minutes. 

Step 5.- — ^Immerse the slide for exactly one minute in the destaining solution. 
Remove the slide, stir the material, and alloAV the slide to dry for five minutes; 
then rinse the slide in cold water, dry, and examine. 

•Dow Chemical Co., Alidland. Mich. 

tEIi Lilly and Company, Indianapolis, Ind. 

tDlfco Laboratories. Inc., Detroit, Mich. 

IKatlonal Aniline Division. Allied Clicmical & Corporation, New York. N. Y. 
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The usual, method specifies 3 per. cent plienol in the auramiue stain, althougli 
Richards and eo-workers^ have obtained satisfactory results with 2 per cent 
phenol. The iiresence of these amounts of phenol modifies the methocel and 
causes partial disintegration of tlie smear. A phenol content of 1 per cent can 
be tolerated, but it seems better to omit it entirely. A considerable, number of 
slides have been stained unth stain containing no phenol and also 1 per cent 
phenol. The results seem to be satisfactorJ^ 

This general •technique might be adapted to the identification of. other 
organisms by fluorescent microscopy. Pringsheim and Vogel- list several 
"duoroehroms” which might be used as staining agents. 

EXAJIINATION OF THE SLIDES 

Directions for converting an ordinary microscope for fluorescent work have 
already been published.® The CH4 mercury lamp woi’ks well, and a less efficient 
light source pi-obably -ndll not be satisfactory. 

Slides should first be prepared from several positive sputa to show the 
various sizes and groups of tubercle bacilli. The bacilli can be’ located with 
the usual N. A. .66 objective and identified under oil immersion, using clear 
mineral oil. They appear verj’- well with the usual N. A. 1.25 objective. ' 

In case large numbers of slides must be examined, other objectives can be , 
tried which sacrtfice some resolution for convenience of use. The following 
objective was tested and seems to have advantages: 40 x 4.3 mm., N. A. 1.00 
fluorite oil immersion.’** 

The magnification is rather low, but the good resolution, depth of focus, and 
area of field are attractive features. Dry objeictives with N. A. .85 or .95 may 
also be adequate. ' 
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A SniPLE COUNTER-RECORDER OP DROPS OR OTHER EVENTS 

Claude V. Winder, Sc.D., and Vernon A. Moore 
Detroit, Mich. 

M any drop recorders have been described. Emphasis has usually lieen on 
modifications at the dropping end, with an ordinary signal magnet used 
for kymographic recording. To minimize the labor of counting recorded drops 
or other events, various adaptations of Fleisch’s Ordinatschreiber have been 
used, but such special equipment as the latter is not readily available in many 
laboratories. In seeking a simple, easily assembled adding recorder, we re- 
sorted to the device illustrated in Fig. 1. It has been found most convenient 
and serviceable during about two years of use.* 

From the Research Laboratories. Parke, D.avis & Co. 

Received for publication, Aug. 6, 1945. 

•We are indebted to 3Mr. R. W. Thomas for the major part of this trial. 
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As we Imvo used it, the recorder replaces the ordinary signal magnet. It 
is operated by the output of a 120 volt D.C. electronic relay activated by 
electrolytic closure of the input circuit through 'a drop falling between suit- 
able platinum electrodes. The basic unit of the recorder is a commercially 
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Fig, 2.— Illustration of slmultanoous ten- and hundred-event recordings Hast and next 
to last records). Note individual and tenth event signals in ihe one and individual and 
hundredth event sfcnals In tlie other. 

available electromagnetic counter* built for 120 volts D.C.t A U frame is 
screwed to the ends of the counter ease for mounting one, two, or three com- 
pact heart-lever bearings. Steel tvirc recording levers are .shaped to operate 
nt these fulcra to record vertically with respect to one another and to ride at 

„ , ■Qorrcll and Oorrcll High Speed Electric Counter, hv Gorrell and Gorrcll, Chicago 
.Utights. Illinois. 

tothcr current capacities In relay and counter could be used, according to the current 
source most conveniently available. 
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BOOK REVIKWS 


The contributions on tlie vituniins seem ivell suited to liuman consumption altliough 
^vritten in most instances by authorities in agricultural colleges and laboratories of bio- 
clieniistry. This reviewer finds it rather stimulating to be told what the "clinical possibilities” 
of a B vitamin may be long before the vitamin has been tried clinically. 

The purpose of the book us set forth in the foreword might have been better ac- 
complished by some editing to bring the nutritionists and the dietotherapists into closer agiee- 
ment. For instance, the foreword written in 1942 in part by a committee of the National 
Eesearch Council states that the phj’sician may do with a " biomieroscope” in examination 
of patients what the pathologist has for the methods of pathologj’ by his microscope. How- 
ever, in 1945 there seems to be no contributing author who even mentions the biomieroscope. 
Likewise, the foreword’s criticisms of customary corrective diets used in gastroenterology, as 
in peptic ulcer, seem unheeded in the section dealing with ulcer. Perhaps this discrepancy is 
a fault of medical practice rather than one of editing a book. 

On the whole, the nutritional theorists have not run away \vith this book. It is a good 
text on dietotherapy, even though it frequently calls for "easily digested” food without 
ever explaining in a most thorough chapter on digestion just what "easy digestion” is. 

This .shows that dietotherapy is still a useful art, even if outstripped by nutritionists. 
Tho book is, in the opinion of the reviewer, as good a junction of theoretical nutrition with 
XJractical dietetics as can now be made. 

M. A. Bl.vnkenhork, M.D. 

Fundamentals of Pharmacology. By Clinton E. Thienes, M.D., Ph.D., Professor of Pharma- 
cology, University of Southern California School of Medicine, Attending Pathologist 

(Toxicology), Los Angeles County Hospital. Paul B. Hoeber, Inc., New Tork. . Price 

$0.75. Cloth with 497 pages. 

This volume is one of a aeries of texts which are being edited by Br. Fred C. Zapffio 
as secretary of .the Association of American Medical Colleges. The object in writing these' 
books is to present authoritatively the basic foundation and to omit nonessentials in the sub- 
jects covered. Tho aim is to create books the student will have time to read in spite of the 
great pressure which is put upon him from all directions. This is a splendid idea and Ithe 
need for progress in this direction is long since overdue. 

The present volume covers the field of pharmacology in twelve sections as follows: (1) 
Stimulants of the Central Nervous S)-stem; (2) Depressants of the Central Nervous System; 
(3) Drugs Acting on the Peripheral Nervous System; (4) Drugs Acting on Muscles; (5) 
Diuretics; (6) Antiparasitic Drugs; (7) Hormones, Special Minerals, and Tissue Extracts; 
(8) Vitamines; (9) Drugs Used Because of Local Action on Body Surfaces; (10) Chemical 
Diagnostic Agents; (11) Actions of Drugs on Cells; (12) Pharmacy and Prescription Writ- ■ 
ing. 

This is an admirable small text. In most instances it presents more of the pharmacology 
of any given drug than the average medical student will be able to leai-n in the time, and 
with the opportunities, at his disposal. No attempt is made to cover in detail a vast array of 
drugs, but practically all of those in extensive use at present are discussed, including a series 
of the sulfa drugs, demerol, and penicillin. The subject of Prescription Writing is covered ' 
in eighteen pages, English being used in preference to Latin. A useful bibliography follows 
each general section throughout the book. 

In general, this will be a very helpful book for medical students, especially for review 
purposes. 

D. E. J. 



THE ANTITUBERCULAR ACTIVITY OP ASPERGILLIC ACID AND 
ITS PROBABLE MODE OP ACTION 


Andres Gotii, M.D. 

Dallas, Texas 

TT HAS been reported in the recent literature'"^ that various Aspergillus 
1 species produce inhibitor}’ substances against mycohacierium tuberculosis. 
Because of the obvious significance of these observations, a study was under- 
taken in order to determine the possible inhibitor}’ effect of the various anti- 
biotics produced by the mold aspergillus flavus against the tubercle bacillus. 

It has been shown during the last five years that molds belonging to the 
species A. flavus produce several antibiotic substances. White and Hill* showed 
tlmt a moderately toxic antibiotic was produced by this mold which he named 
aspergillic acid. Bush and GotIP described a penicillin-like substance pro- 
duced by an A. flavus which was named flavicin. Aspergillic acid inhibited a 
great variety of bacteria, including both gram-positive and gram-negative 
species. Its activity against Myco. tuberculosis has not been described. 

On testing extracts obtained from A. flavus cultures against various strains 
of Myco. tuberculosis it was found that while flavicin had no inhibitory effect on 
this organism, aspergillic acid showed marked iuhibitory properties. In addi- 
tion to this finding, the experiments in which this inhibitor}" effect was studied 
threw some light on the probable mechanism of action of aspergillic acid. 

. MATERIAL AND METHODS 

Aspergillic acid was obtained from various sources. Partially purified 
material was prepared in the following manner: a strain of A. flavus was 
Srmvn on a medium containing 2 per cent bacto-tryptone,* 2 per cent dextroset 
(U. S. P.), and 0.5 per cent Nad (C. P.). Eight- to ten-day-old cultures were 
extracted with butyl acetate at pH 4 in a spray extraction column.® The ac- 
tive material was recovered from the solvent by shaking it with 0.1 M NaHCOa 
solution. The material was further purified by adsorbing the toxic impurities 
on charcoal (Darco G 60). Results obtained -with this partially purified ma- 
terial were confirmed by using purified aspergillic acid.t 

Two strains of Myco. tuberculosis were used in this study. One was the 
H 37 strain obtained from the American Type Culture Collection. The other 
"’as a fast-growing human strain.^ 

The media for growing the tubercle bacillus were Long’s synthetic me- 
dium, with and without ferric ammonium citrate ,(5 mg. per 100 c.c.), and 
n utrient broth.* On the latter medium only the fast-growing tubercle 

From the Department of PhysloloET and Pharmacology, Southwestern Medical College. 
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bacillus multiplied readily. All media were distributed in 5 c.c. portions. 
Liquid media were used for the fast-bowing strain': agar was added for grow- 
ing the H 37 strain. Aspergillic acid was added to the media as the sodium 
salt. ' ■ . / • 

RESULTS 

When purified aspergillic acid was tested against a fast-'gro'wing strain 
of Myco. tuberculosis in broth, complete inhibition was observed up to a 1 :8b, 000 
dilution. When the same experiment was carried out in Long’s synthetic me- 
dium (containing 5 mg. per 100 c.c.' ferric ammonium citrate) no inhibition 
was observed even at 1:20,000. 

Since it seemed likely that some substance in Long’s medium interfered 
with the antitubercular activity of aspergillic acid, each one of the constituents 
of this medium was examined systematically for its ability to interfere with 
the activity of the antibiotic. When ferric ammonium citrate was excluded 
from the medium, the inhibitorj’- effect of aspergillic acid was the same as in 
broth. Since ferric chloride had the same effect as ferric ammonium citrate, 
it was concluded that the ferric ion is responsible for the inactivation of as- 
pergillic acid. 

The results of a typical experiment are represented in Table I. Asper- 
gillic acid was markedly inhibitory against the tubercle bacillus in media to 
which, no iron was added, whereas this antibacterial effect disappeared following 
the addition of ferric ammonium citrate .(5 mg. per 100 c.c.) to the medium. 
The results were evident in three days and remained unchanged for two weeks. 


Table I. — The Inhibitory Activity op Purified Aspergillic Acid on a Past-Growing 
Human Strain of Myco. Tuberculosis 


CONCENTRATION OF 
ASPERGILLIC ACED 

NUTRIENT 

BROTH 

AMOUNT OP GROWTH 

long’s medium 

WITHOUT IRON 

LONG'S MEDIUM 
■WITH IKON 

1 : 20,000 

0 

0 


1 : 40,000 

0 

0 

•1++ 

1 : 80,000 

0 

0 

■1-1 + 

0 

++ + 

+ + 

++ + 


While carrying out these experiments the observation was made that when 
aspergillic acid was added to the medium containing ferric ammonium citrate 
or ferric chloride, a fine red precipitate appeared within two to three minutes 
in the medium. This red substance, which was evidently not inhibitory, was 
actually taken up by the tubercle bacillus as evidenced by the bright red ap- 
pearance of the colonies. 

When these experiments were repeated using the slow-growing H 37 strain 
of Myco. tuberculosis, the findings were essentially the same. Aspergillic acid 
^inhibited the growth of this organism in a medium to which no iron was added. 
In the presence of ferric ammonium citrate, the colonies of the H,37 strain 
showed an accumulation of the red substance which originated from the inter- 
action of aspergillic acid and ferric ammonium citrate. However, these red ' 
colonies, as well as the controls to which no aspergillic acid had been added, 
failed to grow. 

- It was of interest to determine whether or not ferric ion would interfere . 
with the antibiotic activity of aspergillic acid against organisms other than 
the tubercle bacillus. On testing this possibility the results were the same as 
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mth the fast*gro^nff strain of Myco, tuherctilosis. .Purified aspergillic acid 
inhibited the growth of a Staphylococcus aureus when added to broth in the 
amount of 1 :80,000. Following the addition of ferric ammonium citrate (5 mg. 
per 100 c.c.) the inhibitory activity was not present at 1:20,000. 

The growth of both strains of Myco, tuhcrculosis was much heavier in 
media to which iron was added than in media which had only traces of iron. 
This observation is in agreement with the findings of Schmidt,^ according to 
whom the addition of iron to culture media stimulates the growth of Myco. 
tuhcrculosis. 

On further studj’ of the nature of the interaction between ferric ions and 
aspergillic acid, the following experiment was carried out. To 2 mg. of ferric 
ammonium citrate 5 c.c. of a partially purified aspergillic acid solution was 
added, representing 750 staphylococcus units, which correspond to approxi- 
mately 10 mg. of purified material. A red precipitate appeared which was 
insoluble on acidification with H Cl and was readily soluble when the solution 
was made alkaline by the addition of 0.1 M NaOH. When the precipitate was 
filtered from the acidified solution, the filtrate failed to give the Prussian blue 
test for the presence of ferric ions. When the precipitate was ashed and sub- 
sequently dissolved in water, it gave a positive test with potassium ferrocyan- 
ide. From these qualitative tests it appeared clear that ferric ions were pre- 
cipitated by aspergillic acid. Since the antibiotic activity changed simulta- 
neously with the appearance of the precipitate, it is reasonable to assume that 
the red substance which appears whenever ferric ions are added to aspergillic 
acid represents an aspergillic acid-iron complex. 

Since iron was found to interfere with the antibiotic activity of asper- 
gillic acid, it was of importance to find out whether or not blood which con- 
tains mostly ferrous iron bound in a complex organic linkage, would interfere 
^th the activity. To test this possibility, aspergillic acid was added in the 
amount of 1 mg. per cubic centimeter to defibrinated rabbit blood, which sub- 
sequently was tested for antibacterial activity. It was found that aspergillic 
acid added to blood still inhibited the growth of Staph, aureus and the fast- 
growing strain of Myco. iuhercjilosis up to 1:40,000, the highest dilution tested. 

DISCUSSION 

From the experiments reported, the following facts appear ; 

!• Ferric ion stimulates the growth of Myco. tuherculosis. 

2. Aspergillic acid inhibits the growth of Myco. tuherculosis in media to 
no ferric ions are added. 

3. Ferric ions interfere with the antibiotic activity of aspergillic acid. 

4. Aspergillic acid precipitates ferric ions. 

The most likely explanation of these findings can be given in the following 
bjTothesis: iron is essential for the growth of Myco. tuherculosis; aspergillic 
acid inhibits the growth by interfering with the utilization of iron or perhaps 
also by interfering with the functioning of iron-containing enzyme systems. 

The inhibitory activity of aspergillic acid against the tubercle bacillus is 
sufficiently high to encourage chemotherapeutic trial in experimental animals. 
Such studies are being carried out at the present time in guinea pigs, and the 
outcome of these studies will be reported later. If these experiments indicate 
any in vivo antitubercular activity, clinical trials will be carried out; also, the 
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effect of various metals on the activity and -toxicity of aspergillic acid is being 
investigated. ' . _ , ' 

CONCLUSION • ; 

Aspergillic acid in low concentrations inhibits the growth of human strains 
of My CO. titberculosis. Suggestive evidence is presented which indicates that 
the mode of action of aspergillic acid can be explained on the basis of inter- 
ference with the utilization of iron by the tubercle bacillus. 

The author wishes to acknowledge the technical assistance of Jane C. Neff. 
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SEROLOGIC REACTIONS IN PRIMARY ATYPICAL PNEUMONIA 

Captain Alfred L. Florman, Medical Corps, Army of the United States, , 

AND Alice B. Weiss, A.B. 

P RIMARY atypical or viroid^ pneumonia was the form of pneumonitis 
encountered most frequently in World War II. The clinical picture has 
become familiar as a result of a great many reports, and extensive studies 
have been made during the past few years into its epidemiologic and labora- 
tory aspects.^ Although the viral nature of the etiologic agent is strongly sug- 
gested by the transmission of the disease to human volunteers ivith bacteria- 
free filtrates,^ the properties of the agent or agents are yet to be described. It is 
clear that the majority of instances of the syndrome are not caused by the viruses 
described by Weir and HorsfaU^’ ® and by Eaton and associates® as producing 
pneumonitis in the mongoose and cotton rat, respectively. Neither are they 
due to the influenza nor any of the other familiar viruses. However, a number 
of characteristic changes have been observed to develop in the sera of patients 
during convalescence. These have been reflected in the cold agglutinin test,^’ ® 
indifferent streptococcus agglutination test,® elementary body type virus com- 
plement fixation test,^®'^® and in the Serologic tests for syphilis.'®'” Changes 
have also been reported to occur in the Weil-Pelix test.'® 

The present communication is a report of the results of subjecting two or 
more serial specimens of serum from 100 patients, sixty-eight of whom were 
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clinically diagnosed as having primary atj-pical pneumonia, to one or more of 
a ‘ ‘ battery ” of these tests. Studies were made of the cold agglutinin titer ( G A) , 
indifferent streptococcus agglutination (SA), elementary body type virus com- 
plement fixation (EB), and Kahn flocculation and Kolmer complement fixation 
tests for syphilis. In addition, a report is made of the results obtained when a 
group of seventy-three consecutively received single specimens of serum sub- 
mitted for cold agglutinin testing were also examined in the sheep cell hetero- 
phil and IVeil-Felix tests. 


MATERIALS ANO METHODS 

Sera . — Sera were obtained from patients at amy hospitals scattered 
throughout the southern half of California, Utah, Nevada, and Arizona. They 
were' all ori^nally submitted for cold agglutinin or influenza agglutination- 
inhibition antibody examinations. For the purposes of the present study, only 
those serial specimens of serum from patients with illnesses which had been 
diagnosed ns “primary atypical pneumonia,” “virus pneumonia,” or “virus 
bronchitis” were included in the “primary atypical pneumonia” group. All 
others, which included those from patients with diagnoses of “bronchopneu- 
monia,” “pneumonitis,” “lobar pneumonia,” “questionable influenza,” and 
"nasopharyngitis,” were put in the “control” group. This rigid division of 
cases seemed necessary since in almost every instance contact between this 
laboratory and the actual patient was limited to correspondence with the pa- 
tient’s medical officer. 

The hospital laboratories were requested to separate the serum from 
freshly clotted blood. If the blood had been stored in the cold, they were 
asked to bring it to body temperature before making this separation. In most 
instances the serum was sent to this laboratory through the regular mail with 
sulfanilamide as a preservative.” When this had not been done, the serum on 
arrival was transferred to such a “sulfa vial” and stored in the refrigerator 
until tested. The cold agglutinin (CA), elementary body virus complement 
fixation (EB), and serologic tests for syphilis were usually done shortly after 
the specimens were received. The indifferent streptococcus (SA) agglutina- 
tion test on about one-half of the specimens was done from two to twelve 
months after receipt. This seemed justifiable since it has been demonstrated 
that the SA is well preserved for long periods at refrigerator temperature.' 

Cold Agglutinin Test (CA). — The technique described by Horstmann and 
Tatlock’ was followed. However, the sera were inactivated at 56° C. for fifteen 
minutes prior to dilution to destroy any complement which might be present. 
The teats were read after storage overnight in the refrigerator at approxi- 
mately 0 to 4° C. and again after warming in the water bath at 37° C. for 
fifteen minutes. A knoivn positive serum was included in every run as a check 
on the sensitivity of the red cells being used. Variation in titer of more than 
one dilution in this control disqualified the run. The tests were read very 
closely and the least perceptible agglutination, when compared with the cell 
control, was called positive. Agglutination in a dilution of 1 to 16 or greater 
was considered significant. 

Indifferent Streptocoeexts Agglutination Test {SA ). — The method described- 
by Thomas and associates' was adhered to in exact detail. A culture of the strep- 
tococcus 344 was obtained from Dr. M. D. Eaton. When results were read, only 
tubes in which there was definite agglutination and clear fluid were called posi- 
tive. Titers of 1 to 10 or greater were considered significant. 
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Elementary Body Type Virus Complement Fixation Test {EB).—-‘'Ly- 
granum CP”® was used as antigen and the technique previoiisly described by 
one of us was followedd^ The lowest dilution of serum tested was 1 to 10. No 
single titer, only a change in titer, was considered significant. 

Kahn Flocculation Test for Syphilis. — The standard Kahn procedure*® was 
followed, but only a single reading, after fifteen minutes, was made. The antigen 
was furnished by the Army Medical School. Readings which gave a total of 
from 7 to 12 plus were called positive, those \vith 2 to 6, doubtful, and less than 
2, negative. 

Kolmer Complement Fixation Test for Syphilis. — The modified micro- 
Kolmer test, previously described,*® was used. The antigen was obtained from 
the Army Medical School. With the patient’s serum diluted 1 to 5, 3 or 4 plus 
fixation was called positive. If any other fixation was present, the test was re- 
ported as doubtful. 

Heterophil Test. — The shaking and spinning technique described by Craw- 
ford and Hertert*® was followed. Defibrinated sheep cells, never more' than 
three days old, were used. A titer of 1 to 40 or greater was considered significant. 

Weil-Felix Test. — The method of Crawford and Hertert*® was employed. 
Antigens were prepared from Proteus OX-2, OX-19, OX-K strains. A titer of 1 
to 80 or greater was considered significant. 

In the interpretation of these tests only a rise or fall in significant titers 
was considered positive. If a significant titer was maintained unchanged in all 
specimens, or if the peak antibody titer was only ‘‘doubtfully positive,” it 
,was interpreted as a questionable reaction. 

RESULTS 

In Table I is presented a summary of the results when each of the four tests 
in the ‘‘battery” was applied to serial specimens of serum from patients with 
primary atypical pneumonia. Many of these specimens were inadequate for 
more than one of the serologic tests for syphilis. Therefore, in the table, the 
results of both Kahn and Kolmer are grouped together under the simple heading 
Serologic Test for Syphilis (STS). A positive or doubtfully positive transitory 
reaction in either of these tests is accordingly indicated. 


Table I. Incidence or Reactions in Gkoup of Patients With 
Primary Atypical Pneumonia 



TOTAL 




POSITIVE 


NUMBER OF 


NUMBER OF 

TESTS 

IN EACH 


PATIENTS 




GROUP 

TEST 

tested 

POSITIVE 

DOUBTFUL 

NEGATIVE 

(%) 

Cold agglutinin (CA) 

68 

43 

7 

18 

63 

Indifferent streptococcus 

36 

17 

8 

11 

47 

agglutinin (SA) 
JElementary body complement 

45 

12 

4 

29 

26 

fixation (EB) 

Serologic for syphilis (STS) 

36 

6 

6 

24 

17 


Sera from sixty-eight patients were studied by us with the CA test. Of 
these, forty-three (63 per cent) gave a positive reaction. This result may be 
compared with the forty-three of ninety-three patients (46 per cent) with pri- 
mar>^ atypical pneumonia studied by the Commission on Acute Respiratory 
Diseases of the United States Army® Avho had maximum titers of 1 to 16 or 
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above, Rnd the sixty of seventy-four patients (81 per eent) reported by ' 
Meikeljohn’” who had titers of at least 1 to 20. These differences may refleet 
the geographie sources of patients and criteria for selection of cases. The 
patients reported by the Commission were alt soldiers admitted to the Station 
Hospital at Fort Bragg, N. C., and seen by at least one member of the Com- 
mission. Those in Meikeljohn’s study were mostly civilians and college stu- 
dents from the San Francisco Bay region. They were all selected by him. 
Our patients were drawn from Army posts in various parts of California, Utah, 
Nevada, and Arizona, where the original diagnoses were made by many differ- 
ent physicians. However, all reports agree that in a considerable percentage 
of patients with this sjTidromc, cold agglutinins do develop during convalescence. 

There were thirty-six sets of sera which were also examined by us in the SA 
test. Of these, seventeen (47 per cent) were positive. Although this is a small 
series of patients, the results are strikingly similar to those reported by other 
investigators. Thomas and associates” found that fifty-five of 101 (55 per cent) 
and Meikeljohn and Hanford”* reported that seventy-three of 156 patients (47 
per cent) had titers of at least 1 to 10. 

The sera of only twelve of the forty-five patients (26 per cent) we studied 
with the EB test were positive. The use of the EB test in the study of primary 
atypical pneumonia has already been discussed by one of us.'” It probably seg- 
regates those instances of the syndrome caused by viruses of the ornithosis- 
psittacosis group. Since the test does not differentiate between the members of 
this group, its interpretation should not be carried beyond this general state- 
ment. Our "Lygramm CP” antigen crosses serologically ivith the psittacosis 
virus, and it is therefore of interest that Hein and Elsherg'* reported that 
nineteen of a group of thirty-six patients with primary atypical pneumonia 
(63 per cent) had positive complement fixation tests for psittacosis. 

Thirty-six of our patients had consecutive serologic tests for syphilis per- 
formed. Of these, six (17 per cent) had transitory, definitely positive serologic 
tests for syphilis develop during convalescence. An additional six, showed 
transitory doubtfully positive reactions. Therefore, a total of twelve (33 per 
cent) in this small series of patients developed some change in the serum 
globulins which could be detected with the serologic test for syphilis. It 
should be noted that all of these were, in reality, “false” positive reactions. 

In 1941 Hegglin’” reported in the Swiss literature nineteen cases of an atypi- 
cal pneumonia with repeated strongly positive transitory serologic tests for 
syphilis and suggested that this was a new syndrome. Recently at the Army 
Medical School in Washington, D. C., Rein and Elsberg'* subjected serial 
specimens of serum from thirty patients with atypical pneumonia to a battery 
of six serologic tests for syphilis and found that seventeen (24 per cent) had 
transitory positive reactions in two or more of these tests. 

In Table H is presented a summary of the results when the CA, SA, and 
Sts were applied to the “control” sets of sera. 


Table li. Incidence or Keactionb in Gkoop of Control Patients With 
Various Kesfiratory Diseases 



TOTAL 
NUMBER OF 

NUMBER OP TESTS 


POSITIVE 

IN each 

— TEST 

PATIENTS 

TESTED 

POSITIVE 

DOUBTFUL 

NEGATIVE 

CROUP 

1^17 “eelRtinin (CAl 
lodiffnent streptococcos 
Rggluliniu (SA) 

lor syphilis (STSl 

32 

25” 

22 

6 

3 

2 

0 

3 

6 

26 

19 

14 

19 

12 

9 
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The fact that six of thirty-two (19 per cent) of these individuals gave a 
positive CA test seems strikingly high. ' However, a review of the clinical diag- 
noses in these positive cases suggests that some of these may actually have 
been instances of primary atypical pneumonia which were incorrectly classified 
due to our arbitrary division of cases. Two of the patients were diagnosed as 
having “bronchopneumonia,” one “pneumonitis,” one “lobar pneumonia,” 
one “bronchiectasis,” and the last “nasopharyngitis.” 

Three of the twenty-five patients tested with the SA reaction gave posi- 
tive results. Diagnosis in one of these was “questionable influenza” and in the 
other two, “nasopharyngitis.” 

There were two transitory positive STS tests among the twenty-two sets 
of sera examined. Both of these were in patients with “nasopharyngitis”; in 
addition, one had a positive CA and negative SA, while the other had a posi- 
tive SA and negative CA test. 

Although our “control” group is small, it does tend to indicate that a 
positive CA or SA test in a patient with respiratory disease is strong presump- 
tive evidence in favor of a diagnosis of “primary atypical pneumonia.” 

Since the CA test was found to have the highest incidence of positive reac- 
tions among patients with primary atypical pneumonia, an attempt was made 
to correlate the results in the SA, EB, and STS tests with those in the CA test. 
This is shown in Table III. In our limited series it appears that the majority 
of positive SA tests occurred in individuals who had developed positive , CA 
reactions. This was also Meikeljohn and Hanford ’s'^ experience. However, 
most of our positive EB tests were in patients who did not have an increase 
in cold agglutinins. “False” positive serologic tests for syphilis were found to 
be unrelated to the distribution of positive CA tests. In Table III is also indicated 
that the CA and SA tests reflect different antibodies. There were five patients , 
who had positive CA reactions and negative SA tests and four who had positive 
SA reactions and negative CA tests. Evidence that the EB and STS are not 
related to each other has been presented elsewhere.’^ These four tests would 
therefore seem to reflect at least four distinct antibodies which might arise in 
an individual as a consequence of his having an attack of atypical pneumonia. 


TABI.E III. Distribution of Other Ebactions in Eelation to Eeactivity in Cold 
Agglutinin Test in Patients With Primart Attpical Pneumonia 


COLD 

AGGLUXININ 

REACTIONS 

IN OTHER 
TESTS 

INDIFFERENT 

STREPTOCOCCUS 

AGGLUTININ 

(SA) 

ELEMENTARY 
BODY COMPLE- 
MENT FIXATION 
(EB) 

SEROLOGIC 
TESTS FOR 
SYPHILIS 
(STS) 


+ 

11 

4 

3 

Positive 

? 

4 

3 

3 


- 

5 

20 

14 


+ 

2 

2 

0 

Doubtful 

? 

0 

0 

1 


- 

2 

3 

3 


+ 

4 

6 

3 

Negative 

$ 

4 

1 

2 


- 

4 

6 

7 

Total patients in each test 

3tf 

45 

36 


When the results of these tests are summarized for each patient, as is done 
in Table 17, patterns of serologic reactivity or “profiles” emerge. However, 
among twenty patients with primary atypical pneumonia whose serial speci- 
mens of serum were examined with this “battery” of tests, fifteen different 
profiles appeared! 
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Table IV. BErnESE.vTATrv’E Reactions op Patients With Primary Atypical Pnedmonu 


INDIF* ELEMEN- 
PERENT TARY 

STKEPTO* BODY SEROLOGIC TESTS 





COLD 

COCCUS 

COJIPLE- 

. FOR 

SYPHIUS 



DAYS 

AaOLUTI- 

ACGLUTI* 

MENT 




SPEC. 

AFTER 

NIN 

NIN 

FIXATION 




PATIENTS 

*-NO. 

ONSET 

(CA) 

(SA) 

(EB) 

KAHN 

KOLMEB 

J. Primary atjTjcal pneumonia 

1424 

lU 

16,384 





N 

x-ray, -f 

1454 

31 

256 

<10 

<10 

N 



W.B.C., 6,000 

14G4 

39 

<16 

<10 

<10 

N 


N 

Profile 



- 





2. Primary atypical pneumonia 

5096 

24 days 

<16 

<10 





x-ray, 


before 

onset 







5106 

7 

256 

40 

<10 



N 

tVA.C., 5,800 

5112 

35 

256 

40 

<10 

N 


N 

3. Primary atypical pneumonia 







_ 


1769 

15 

256 

40 

<10 

01± 


+1 

o 

o 

1781 

25 

1024 

SO 

<10 

N 


N 

1786 

43 

1024 

20 

<10 

N 


N 

Primary atypical pneumonia 



+ 

+ 



f 


1691 

13 

16 

80 




+4 


1698 

23 

<10 

160 

<10 



+4 

W.B.C., 5,000 

1744 

54 

<10 

40 

<10 

N 


N 

S- Primary virus bronchitis 









1358 

5 

<16 

10 

10 

N 


N 

- 

1379 

16 

64 


20 



+4 

W.B.C., 8,400 

1401 

36 

<16 

80 

<30 

N 


N 

8. Primry atypical pneumonia 

Profiilo 

733 

18 

<16 

<10 

•f 

80 

N 

+ 

N 

X-ray, + 

W.B.a, 7,500 

804 

25 

<16 

10 

80 



N 

964 

48 

<16 

<10 

10 

N 


+4 

7. PriiMry atypical pneumonia 

Profile 

1346 

9 

<16 

<10 

+ 

<li 

N 

+ 

4-2 

X-ray, + 

^V.B.C., 10,000 

1362 

28 

<16 


20 

N 


N 

1380 

41 

<16 

<10 

10 


N 

1416 

71 

<16 


<10 



N 

8- Prii^ry atypical pneilmonia 

Profile 

1774 

13 

<16 

<10 

<30 

N 

t 

N 

X-ray, + 

1783 

27 

<16 

10 

<30 

N 


N 

"'•B.C., 9,750 

1796 

41 

<16 

10 

<10 

N 


N 



Profile 



■f 



~ 



A review of our data for tiic time of appearance of these various anti- 
tiodies revealed a general conformity to what has been previously reported by 
others.'’ Although in a few instances the CA and SA were apparent 
within the first weelc of illne.ss, the peak of CA nsually came between the tenth 
and twenty-fifth days, while that of SA usually did not appear until after the 
third week. The EB antibody appeared during the second and third weeks 
W'hen it , also reached its peak. The most frequent time for appearance of 
■■oagin as measured by the STS was the second week, although in an oeeasional 
patient it was not detected until much later. 

, Early in our study, seventy-three consecutively received specimens of serum 
from patients with the diagnosis of primary atypical pneumonia wei'e tested witli 
the CA, heterophil, and AVeil-Felix reactions. This was prompted by a report 
that Cheney' and Gardner'' had found that seven of eight of their patients with 
“tiTical pnenmonia who were tested had positive tVcil-Pelix tests. The hetero- 
Phil test was included, since the clinical picture of infectious mononucleosis, in 
"hich there is . a high incidence of positive reactions, may resemble atypical 
pneumonia. In our group of seventy-three specimens there were twenty with 
significant CA titers. Two had heterophil levels of 1 to 40, and only one had 
" significant Weil-Felix titer.- 
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DISCUSSION I , , 

The development of so many different combinations of the antibodies which 
are indicated by the CA, SA, EB, and STS in our group of clinically similar 
cases of pneumonitis suggests again that primary atypical pneumonia is a syn- 
drome which can he produced by several different agents. As indicated by the 
results of the EB tests, a number of our cases w'ere probably caused by some 
member of the ornithosis group of viruses. We also know that, occasionally the 
influenza virus, the rickettsia of Q fever,**’ ** and even the fungus Coccidioides 
may simulate this picture. This is not unlike the familiar difficulty of 
attempting to recognize clinically the significant differences between the various 
encephalitides and forms of dysentery. 

It would be convenient to think that all the patients who developed posi- 
tive CA tests represented infections with a single, as yet unknown, etiologic 
entity. In support of this concept are the facts that it was from this group, 
that Eaton recovered a virus which produced pneumonitis in cotton rats® and 
from which the transmission of the human disease with baeteria-free filtrates 
was demonstrated.* However, it leaves unexplained the appearance of cold 
agglutinins in an occasional patient with a positive EB test, the not invariable 
association of cold agglutinins with the development of indifferent strepto- 
coccus agglutinins, and the relatively high incidence of false positive STS'® 
among patients with this syndrome. It has been suggested that primary 
atypical pneumonia mighf be caused by the synergistic action of several 
agents; for example, a virus and bacterium, as in swine influenza. Although 
we prefer not to think of a multiplicity of agents as the basis of a single illness, 
it may offer the only logical explanation for the multiplicity of serologic re- 
actions. On the other hand, Landsteiner*® has pointed out that “complex 
materials can give rise to as many antibodies as there are antigenic compo- 
nents.” Consequently, a single very complex agent might conceivably be 
responsible for the more frequently recognized atypical pneumonias and the 
variety of serologic profiles might represent but another example of individual 
variation in immunity. Fascinating deductions as to the antigenic composition 
of this agent follow when the nature of the antigens we used for detecting 
these antibodies are considered. Thus it has been shown that the active prin- 
ciple in the indifferent streptococcus is a polysaccharide,*® in the STS it is a 
cardiolipid,** and in the CA test it is contained in the stroma of the human 
erythrocyte.*® 

Intriguing as this may be, at the present state of our knowledge we should 
merely note that from 40 to 80 per cent of patients with the syndrome of pri- 
mary atypical pneumonia develop an increase to significant levels of cold ag- 
glutinins ; that those who develop CA are usually the ones in whom SA appear, 
and that the majority of individuals who have positive EB tests do not have 
positive CA reactions. The relative frequency of so-caUed “false positive” 
serologic tests for syphilis in this syndrome is also worthy of note. 

SUMMARY 

1. Serial specimens of serum from sixty-eight patients with a clinical diag- 
nosis of primary atypical pneumonia were examined in one or more of a “bat- 
tery” of serologic tests. The tests employed were the cold agglutinin (CA), 
indifferent streptococcus agglutinin (SA), elementary body type virus comple- 
ment fixation (EB), and the Kahn flocculation and Kolmer complement fixa- 
tion tests for syphilis (STS). 
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2. There were 63 per cent of these patients who were found to have posi- 
tive CA tests, 47 per cent who developed positive SA reactions, 26 per cent 
with positive EB tests, and 17 per cent with a transitory positive STS. These 
results were significantly different from those found in 32 “control” sets of sera. 

3. It was demonstrated that a positive SA test is more likely to occur in 
a patient with a positive CA reaction, that the majority of individuals with 
positive EB tests do not have positive CA tests, and that there is no apparent 
relationship between the occurrence of any of these reactions and a transitory 
positive STS. 

4. In a group of seventy-three consecutively received sera from patients 
with primary atypical pneumonia, only two significantly high heterophil titers 
and one Weil-Fclix titer were found. 

5. The frequency with which CA, SA, EB, and STS antibodies are found 
to develop in patients convalescing from primary atypical pneumonia suggests 
an immunologic association with the etiologic agent (or agents) of the disease. 
The many combinations of response which arc measured by the tests reported 
here may be a reflection of individual variation or of several different agents 
producing the same syndrome. Until the etiologic agent for the majority of 
instances of primary atypical or viroid pneumonia is identified, these tests 
serve the practical purpose of more clearly defining the disease. 
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PHAGOCYTIC ACTIVITY OP NEUTROPHILES IN ANEMIAS 

L. Joe Berry, Ph.D.,* Jane Davis, B.S., and Tom D. Spies, M.D. 
Birmingham, Ala. 

F or years students of anemia have pondered over the physiologic mechanisms 
that enable the severely anemic patient with white cell counts of from 1,500 
to 3,000 per cubic millimeter to avoid overwhelming infections. The question 
has also been raised as to how these patients are able to walk about and main- 
tain a mild activity with red cell counts around a million and hemoglobin 
values of from 20 to 30 per cent. As yet there is no complete answer for either 
of these problems, but it appears that we have found at least a partial expla- 
nation for the anemic patient’s defense against infections. In studying the 
phagocytic activity of neutrophiles in malnourished patients seen at the Nutri- 
tion Clinic of Hillman Hospital in Birmingham, we observed in one of our 
most poorly nourished patients, who also had a macrocytic hyperchromic 
anemia, a greatly increased phagocytosis. As more patients with anemia were 
tested we discovered that without exception patients with either macrocytic 
hyperchromic or microcytic hypochromic anemia had an increased white cell 
activity and that the increase in phagocytosis was roughly proportional to the 
severity of the anemia. 

methods 

Phagocytic activity was measured on whole blood according to the. method 
of Cottingham and Mills.^ Briefly, this consists of diluting in a parafSned 
serologic tube 0.5 c.c. of venous blood ^\’ith 0.5 c.c. heparinized t saline; 0.2 c.c. 

University of Cincinnati Studies in Nutrition at the Hiiiman Hospital. Birmingham, 
Ala. From the Department of Internal Medicine, University of Cincinnati. 

The expenses of this study were defrayed by a grant from the Ingalls Foundation and 
by a grant from Ell Lilly & Co. 

We are indebted to Mrs. Mary Koch and to Mrs. Margaret H. Caldwell for their assist- 
ance In performing all blood counts Included In this study and for their hematocrit deter- 
minations upon which the diagnoses were based. 

Received for publication, Aug. 6, 1946. 

•Present address. Biyn Mawr College, Bryn Mawr, Pa. 

tThe heparin was very kindly supplied by Hoffman-La Roche, Inc., NuUey, N. J. 
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of a standardized suspension of micrococcus candidus is added to the tube, whicli 
is quickly gassed with a mixture of 95 per cent O 2 and 5 per cent C0-, stop- 
pered, inverted hvicc, and agitated in a water bath at 38® C. for four minutes. 
Films ore made immediately and then stained, A differential white cell count 
is made, and at the same time the nuriiber of bacteria in 100 neutrophiles is 
counted and averaged. The figure obtained in this way is arbitrarily taken 
as the phagocytic activity of the blood. The minimum error of the method 
when control values from day to day are compared (see Table I, column 4) 
is approximately ±10 per cent. The principal variable is the density of the 
bacterial suspension. This was standardized by means of an Evelyn colorim- 
eter using a 515 /i/i filter. Variations of from 2 to 3 scale dirisions on the 
galvanometer produced changes in phagocytic counts of from 30 to 40 per 
cent. Another source of error appears as the average number of bacteria per 
ncutrophilo approaches 30. Since it is impossible to count accurately more 
than 30 bacteria within a cell, this is then taken as the largest number used in 
determining the phagocytic activity. If there is a relatively large number of 
leucocytes "filled*’ with bacteria, the average then becomes more inaccurate. 
Hence the error in such cases is probably at least from 20 to 30 per cent. 

All of the I'csults are based upon a comparison of the phagocytic activity 
of leucocytes of anemic patients with those of "normal” persons. The blood 
of one of us (L. J. B.) was used as the control, since he is free from any disease, 
consumes an excellent diet rich in proteins, minerals, and vitamins, and has 
always had normal blood during occasional tests over the past two years and 
frequent tests during the past five months. The white blood cell total has 
varied between 7,700 and 9,800, with a differential count always within normal 
limits of variation. The red cell total and hemoglobin have varied between 
4.89 and 5.10 millions and 14.7 and 15.9 Gm., respectively. The phagocytic 
activity of this control blood checked within 10 to 15 per cent the phagocytic 
activity of the blood of other workers in the laboratory who are of both sexes 
and are in equally good health. One such worker (R. B. J.) was used as the 
normal” on some days. 

Each day an experimental test was made on the blood of anemic patients, 
"normal” blood Avas collected and treated identically. Variations due to 
changes in the density of the bacterial suspensions from one day to the next 
should give comparable results between the “experimental* and control blood 
samples. Thus in order to eliminate the day-to-day differences in phagocytic 
activity arising from the method itself, the value obtained for the blood of the 
anemic patient is divided by the value obtained for "normal blood on the 
ssine day. This gives a calculated value which is designated as per cent 
formal’ phagocytosis.” 

RESULTS 

The results from twenty-nine patients are shown in Table I. The phago- 
cytic activity of the patient is given in column 3, Avhile the normal ' phago- 
cytic activity on the same date is sboAvn in column 4. The five values marked 
'rith the asterisk Avere obtained with B. B. J. as the control. The per cent 
"normal**- (numbers in column 3 divided by those in column 4 x 100) shOAvn in 
<2olumn 5 is more than 300 per cent in all cases. AVhen the magnitude of these 
■^'alues is compared Avith the red cell counts (column 6) and hemoglobin level 
(column 7), it can be seen that in general the more severe the anemia, the 
higher the phagocytosis. The mean per cent “normal" phagocytosis in those 
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cases ivliere red cell counts are under two million is 228 per cent. As the 
erythrocyte counts rise to between 2 and 3 million and to above 3 million, the 
mean falls to 176 per cent and 166 per cent, respectively. A similar compari- 
son between the per cent “normal’* phagocytosis and the total number of 
leucocytes (column 8) fails to show as close a correlation, but the three most 
leiicopenic patients (Cases 2, 14, and 19) have very high phagocytic activities. 
Moreover, when the total number of neutropbiles alone is considered (found 
as the product of columns 8 and 9), the inverse correlation is more apparent. 
However, as explained below, there arc exceptions to a high phagocytic ac- 
tivity accompanying low white cell counts. 

Cases 14, 18, 25, 26, and 29 of Table I deserve special consideration since 
they show quite dramatically the decrease in per cent “normal” phagocytosis 
with remission of the anemia (Table II). In fact, the phagocytic activity falls 
hdow normal in each, except Case 14, when the red cells arc approximately 
normal. These subnormal values arc not unexpected since it has been shown'* ^ 
that phagocytosis is depressed in experimental animals on deficient diets. Ob-' 
servations®' * on malnourished patients without anemia show also that the 
piiagocytic activity is less in such persons than in “normals.” Thus, as the 
malnourished patients with anemia improve with respect to their anemia, the 
phagocytic count may become lower than “normal.” 


Table II 


(1) 

CASE 

(2) 

DATE 

(3) 

PERCENT 

“NORitAL" 

(4) 

R.B.C 

(5) 

irc. 

CG) 

W.B.C. 

14 

5/17 

343 

1.60 

5.3 

2,300 


0/20 

102 

3.24 

9.7 

5,300 


7/n 

151 

3.80 

10.7 

6,300 

18* 

4/25 

148 

4.30 

8.6 

8,100 


4/30 

131 

4.50 

9.4 

8,400 


5/19 

60 

4 92 

12.5 

6,700 


6/23 

38 

4.97 

14.0 

6,000 

24 

4/17 

153 

1.11 

4.6 

6,150 


5/ 2 

125 

2.90 

8.3 

5,150 


5/21 

72 

3.37 

8.8 

3,550 

25t 

4/14 

171 

3.14 

10.1 

4,400 


4/28 

333 

1.87 

7.6 

3,050 


5/24 

270 

1.82 

6.4 

5,650 


6/19 

51 

3.32 

13.1 

9,250 

26 

4/26 

197 

0.79 

3,3 

3,250 


5/17 

288 

0.93 

4.4 

4,150 


5/24 

350 

1.38 

7.0 

4,450 


0/23 

108 

3.22 

12.7 

4,600 


7/14 

51 

4.57 

12.7 

— - 

29 

5/ 2 

193 

2.82 

5.5 

3,200 


5/23 

160 

2.78 

4.9 

6,150 


fi/39 

97 

4.26 

10.9 

6,400 


7/11 

77 

4.18 


— 


•See Fig. 1. 
tSee Fig. 2. 


The changes in the number of white blood cells accompanying the red 
^el] changes are shown in Table II, column 6. In Cases 14, 25, 26, .and 29 there 
an increase in white blood cell counts as the per cent normal phagocytosis 
'leereases, but in Cases 18 and *24 there is a decrease in leucocyte counts. Thus 
correlation between total leucocytes and phagocytic activity does not al- 
''■'oy.s hold, whereas no exceptions have as yet been found in the correlation 
Wtwcon the degree of anemia and phagocytosis. 
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Case 26 should be especially noted, for within a period of twenty-eight 
days (4/26 to 5/24) the phagocytic activity increased from 197 per cent to 
350 per cent. During this interval the erythrocyte count I’ose from 0.79 to 
only 1.38 millions and the hemoglobin changed from 3.3 to 7.0 Gm. Could it 
l)e possible that over a long period with such severe anemia the phagocytic 
activity increases and provides additional protection from infection? Could 
not the time factor be important in determining the phagocytic count? In this 
ease, as well as in all others, the remission of the anemia (5/24 to 6/23) was 
accompanied by an approximate return to white cell activity to normal (or 
below). 



X R6C IN MILLIONS 

A WHITE BLOOD CELL COUNT 

• HEMOGLOBIN IN GRAMS 

o PERCENT (NORMAL) PHAGOCYTOSIS 


Fi)?. 1.— Decrease in phagocytosis v.ith therapeutically in<luced remission in 

hypochromic anemia. 
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The results for Case 18 shown in Table II are presented graphically in 
Fig. 1. Iron therapy® was initiated the day the first counts were made and 
was continued throughout the fifty-nine da 3 *s covered bj-- the graph. Fig. l 
demonstrates in a striking way that the change in total phagocytosis of the 
neutrophiles is inversely proportional to the change in hemoglobin content of 
the blood. The two curves in this case are perfect mirror images of one an- 
other, while the total erj’throcyte curve changes but slightly. The total leu- 
cocyte count varies within normal limits and is independent of the other fac- 
tors shown. 

The data of Case 25 are plotted in Fig. 2. The initial drop in erythrocytes, 
hemoglobin, and leucocytes is accompanied by an approximate twofold in- 

. White's "Mol-Iron" capsules ivere given three per day. Each tablet contains 3 ffr. 
FeSOi and 1/20 sr. molybdenum. 
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crease in phagocytosis. Following the administration of one unit of reticnlo- 
gen per day from the twentj’-ninth through the thirty-ninth da.v, there was a 
rapid rise in total red and white cells and in hemoglohin, with a marked fall 
in phagocytosis occurring during the same interval. There is no mirror image 
between any pair of curves corresponding to that seen in Pig. 1, but in this 
case both erythrocytes and hemoglobin were undergoing rapid changes. The 
white blood cells varied inversely with phagocjdosis but not symmetrically. 
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s CBC IN MILLION! 

A WHITt 6LOOO CELL COUNT 
• HEMOOLOBIN IN CCAMS 
O PEfiCtNT fNOiJMALl pHAr»OC''''OSlS 

2.— Decrease In phagocytosis with therapeutically inducea remission In a patient with 
. macrocytic anemia. 


discussion 

The resistance of all mammals to infections depends upon several factors. 
These are usually listed as (1) a structural bari-ier against invasion, (2) 
humoral defense mechanisms, and (3) phagocytic cells. The leucocytes are 
Piobably the final defense against infection, for the ultimate destruction of 
bacteria is usually accomplished by the leucocytes. Thus, the total elfective- 
ness of the phagocytic cells rests not only upon their number, but also on the 
activity of each cell. It is therefore important to observe that the phagocytic 
activity of the neutrophiles in anemic persons may undergo as much as a 
threefold increase. This increase occurs at a time when the total number of 
^hite cells usually decreases to a value from one-half to one-third normal. 
Thus, assuming that the product of the total number of neutrophiles and the 
number of bacteria engulfed per neutrophile reflects the true total phagocytic 
affort, there is no total loss in the ability of the white cells to overcome the 
bacteria. Only Case 24 seems to show any significant decrease in the white 
null defense mechanism after remission of the anemia, and this may be due 
Primarily to the atypical fall in total leucocytes, for which wc hai'e no e.v- 
Planation. ^ 
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The physiologic basis for the enhancement of phagocytic activity in 
anemic persons is imlmoAvn. At present, experiments designed to provide 
answers fo many questions that naturally arise are in progress. These results 
Avill be reported later. 

SUMMARY 

1. In twenty-nine cases of anemia it has been found that the phagoe 3 dic 
actiAuty is from 119 to 340 per cent of “noi-mal.” The magnitude of this activity 
is roughly proportional to the severity of the anemia but fails to follow the 
leucoc.^de count in all cases. 

2. As the anemia remits, the phagoej^tosis decreases and may even fall 
below “normal” values as the red cells approach normal. In the majority of 
cases there is an accompanying increase in white cells. 

3. These studies, which suggest that in anemia a protective mechanism is 
set up against infections, may offer an explanation for the rather surprising 
re.sistance to infections commonly seen in some persons with anemia. 
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FATAL SECONDARY, TOXIC THROMBOCYTOPENIC PURPURA DUE 

TO SODIUM SALICYLATE 

Report op a Case 

JIa.tor Arthur E. Rappoport, Lieutenant Colonel Charles E., Nixon, and 

Major IV. Allen Barker 
Medicm., Corps, Araiy op the United States 


INTRODUCTION 

T T IS not surprising that the number of substances responsible for the produc- 
tion of secondaiy thrombocj’topenic purpura is an ever-increasing one due to 
the discot ert of new drugs and chemical agents; The wartime diversion of sUh 
and^ nj'lon for militaiy purposes, for instance, was followed by the introduction 
of “leg-stocking color” cosmetic (Sloan”), with the result that a new thromho- 
c^-topeiiogenic mibstance appeared. In contrast, if is extremely surprising to 
find an old, well-established, and widely used drug like sodium saliejdate among 
the list of 'non n offenders. These substances wbicli have been definitely in- 
criminated include sedormid, various sulfonamides, organic arsenicals and 
bismarsen, gold, quinine derivatives, benzol, smallpox vaccine, chenapodium, 
ergot, im i op lenol, iodine, hair dye, snake venom, mercury bichloride, co 
chicine (Custer,- lYintrobe,” and LimarzF). 

Recently two eases of hemorrhagic complications with death folloiving 
salicyla te therapy were reported by Ashworth and McKemie." In both m- 
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stances, the predominant change consisted of multiple ecchymoses and hemor- 
rhages throughout the body and especially in the brain. Other than several 
routine determinations of the red blood count, white blood count, and differen- 
tial count, no hematologic examinations were performed. Diagnostic pro- 
cedures usually carried out in hemorrhagic diseases, such as tlie determination 
of the clot retraction, bleeding and clotting times, prothrombin time, platelet 
count, performance of bone marrow examination, and tourniquet test were 
omitted. In the absence of such data, the causative mechanism of the hemor- 
rhagic phenomena in these cases is completely unclarified. 

Nonetheless, on the basis of experimental reports of the occurrence of 
hypoprothrombinemia during .salicylate treatment, these authors conclude that 
the hcmorrliagcs could he exi)Iained on the basis of capillary damage and 
hj'poprothrombinemia. This conclusion is untenable and unwarranted by the 
evidence which they present. 

Search of the literature by the Research Division of the Army Medical 
Library, personal communications from Dr. Charles A. Doan and Major 
Richard P. Custer, M.C., and reference to the works of Wiutrobe,*" Kracke/ 
Rosenthal,^® Limarzi,® and Pinry and Tlamilton-Paterson® have failed to reveal 
a single previously reported case of .secondary thrombocytopenic purpura due 
to sodium salicylate. It is ])clio\'cd tliaf the following case report represents a 
proved instance of fatal .secondary thrombocytopenic purpura caused by sensi- 
tization to this drug. 

C.\Si: RKI’ORT 


Oa Jan, 20, 19-14, wliilc overseas, a 35-year-old Negro soldier was admitted to a field 
hospital with the complaint *t!iat the wTists, shoulders, back, and knees were painful and 
that the wrists had been swollen for about one week. The temperature had been normal 
sad the patient liad no hymptoms referable to the car«liovascular or genitounnary systems. 
Joint pains were so severe that he eonldn’t “even cock Ins iifle." On phy&ieal examination, 
swelling of both wrists, fusiform swelling of the finger joints, and fluctuation of both knees 
could be determined. The heart was essentially negative. Roentgenologic examination 
showed no evidence of lione or joint changes. The sediinontation rate was 24 mm. at the end 
of one hour. On the basis of these findings, a diagnosis of rheumatoid .arthritis was made. 


Ro record is made of any medication. 

Five days later, Jan. 31, 1944, the patient was evacuuted liy a British liospital .ship 
to a numbered geneial liospitul. While on board, further »*tudiC3 revealed a sedimentation 
rate of 24 mm. per hour; nliitc blood cells. 5,800 per cubic millimeter, neutrophilic granu- 
locytes, 65 per cent; lymphocytes, 33 per cent; monocytes, 1 per cent; and eosmophiles, 
1 per cent. Urinalysis disclosed a specific gravity of 1,030, acid reaction, 1 plus albumin, 
and no sugar. A few pus and occasional red blood cells were found, but cTj*st^s or casts 
^'ere not noted. Physical examination corroborated the findings previously described. Heart, 
liings, tonsUs, and throat were normal. The gmgiva, however, was quite infected. At this 
time, a history of typhoid disease in childhood and a neieserian infection ten years prcvi- 
®^ly was obtained. The diagnosis of multiple .arthritis was concurred m by the English, 
medical staff. Sodium salicylate therapy was initiated, a mi-vture of natrium salicylicum of 
unknown amount being given every four hours during the ensuing three days on the boat. 

Upon arrival at the numbered general hospital Feb. 3, 1944 the patient centinned to 
complain of pain in both wrists, knees, and in all finger joints. The wnst and finger joints 
somewhat tender and swollen, but apparently they showed some improvement over heir 
®®ndition at the onset of the disease. Pain was elicited on movement. Temperature elcva- 
tkns of 100.0 to 100.5» F. were noted creiy^ afternoon. The .sedimentation rate ranged 
^'otweon 22 to 26 mm., the red blood count was 4,090,000 cells per cubic millimeter, and 
J^^moglobin. 75 per cent. Roentgenologic examination of the affected joints disclosed -no 
evidence of bone or joint disease but did demonstrate some osteoporosis. Studies for malaria 
sickling were reported as negative. Search for dental foci of infection wns fruitless, 
although several carious teeth were found and treated. The patient was s arted on sodmm 
salicylate February 4 and received 80 gr. daily until March S, attaining a total of 2,640 gr. 
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in thirtj’-three days. On that date he was transferred to a transport for evacuation to the 
Zone of the Interior (U. S. A.) and was en route until March 22, when he was admitted to - 
Fletcher General Hospital. , ' _ 

At this time it is important to point out that none of the formal medical records 
describing the history, physical findings, diagnoses, or medication arrived with the patient,' 
nor were they available during his entire period of hospitalization. After death and subse- ■ 
quent autopsy, however, we entertained considerable curiosity concerning the etiologj- of the 
disease and accordingly requested the Adjutant General’s Ofidce to forward to us all the mili- 
tary medical records of this soldier. It was only after their receipt that the previously de- ' 
scribed formal medical record and history of medication with sodium salicylate was obtained. 

On admission the patient wns unable to give more than -a vague description of his 
joint pains and their onset. Although closely questioned, he had no information to offer 
concerning the results of the laboratory and roentgenologic examinations. He stated that 
he had received ’’pills” in the other hospitals but that he did not know ’’what they were.” 
He had received no medication on the boat and had continued to experience similar joint 
pains. He had had two severe chills and knew that his temperature had ranged to 101 and 
102° F. daily. 

Physical examination disclosed a somewhat emaciated Negro man, aged 35 years, 
unighmg 120 pounds, and measuring 68 inches. Temperature was 102.2° F.; pulse, 100; 

00 pressure, 100/60; and respiration, 20. Head, neck, eyes, thorax, lungs, and cardio- 
vascular sjstem were essentially normal. No masses, pain, of tenderness could be deter- 
nmed on palpation of the abdomen. The genitourinary and glandular systems .disclosed no 
a normalities. The shoulder, elbow, and wrist joints, bilaterally, and all interphalangeal 
1 s were extremely swollen, hot, tender to palpation, and painful on passive and active 
after admission to the ward, the patient experienced a severe shaking 


essentially negative; the sedimentation rate was 15 mm. per hour; red 
63 hemoglobin, 13 Gm.; granulocytes, 

tive X-rav Hop^ocytes, 37 per cent. The Kahn test and malaria smears were nega- 

nosis w-ia heart showed no abnormalities. The working diag- 

Dosrs was possible rheumatic fever or rheumatoid arthritis. 

medication consisting of 30 gr. daily in conjunction with sodium 
objective artidd ^ this therapy the subjective complaints and 

elevated On h showed some improvement, although the temperature remained 

other dmu wps P^^'ent received one multivitamin capsule three times daily. Ho 

“S "ds given the patient. 

patient began following the institution of sodium salicylate therapy, the 

the nasal mucosa. epistaxis. Rhinoscopy disclosed many small petechiae of 

was 70 000 ner diR" ^ later, aU medication was stopped. A platelet count , 

2 minutes 15 second™' ™®ter, clotting time was 5 minutes, 45 seconds; .bleeding time was 
salicylate. * ^ days the patient received a total of 300 gr. of sodium 

in his left flank and'*^ after onset of epistaxis, the patient began to complain of pa'“ 
ecchymoses were presenT^*^'^^^ slrow hematuria of ever-increasing degree. At this time 
skin. The patient ’s co rTr conjunctival mucosae, but none were seen in t e 

occurred and he voided^d' rapidly became worse; nausea and vomiting of gross bloo 
tenderness in the lower ahV containing clots. There wms exquisite pain an 

results of hematolouip °*ncn, especially over the symphysis. In Fig. 1 are shown t e 


results of hematologic exaTninn*^-^^ * ‘ •' — “ -'.i—r’-v ^ 

The clinical and lab tourniquet test was strongly positi 

Sodium salicylate as a evidence seemed diagnostic of thrombocytopenic purpura, 

considered, but could not '^gent responsible for the onset of this disease was 

sensitization, since, as nrevi^'r*^ ^ absence of evidence of previous medication an 

hand during the lifetime of°th ^ *^°**^’ Wstory of antecedent medication was no a 
adier General Hugh J. Morg ® We were fortunate at this time in Iiaving ri 

General, and Colonel Walter b' x ^°®®’i^bant in Medicine in the Office of Tbe 
Command, . in the hospital 0 Consultant in Medicine in the Fifth Servi^^ 

thromhocytopeuic purpura and" T “®P®‘=tion visit. They concurred in the 
tor, conceding, however, that sodium salicylate as a possible efiologm 

' not be substantiated. of 'the available evidence, this hypothesis co 
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X, — This chart shows the consistently low platelet count and absent clot retraction associated with normal clotting and bleeding 
times. It Indicates the progressive, profound anrmla and tl»e dally massive transfusions given in the attempt to equalize the hemorrhage. Also 
Illustrated Is the absence of thrombocytosis following splenectomy and the leucocytosis resulting from peritonitis. This chart is on a scml- 
Jogarlthmic scale. 
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Course in Hospitah — Tlie results of serial hematologic examinations are shown in Pig. 
1. Also indicated are the daily massive transfusions necessary to combat the severe hema- 
turia, which, on several occasions, threatened to exsanguinate the patient.'- The platelet 
level remained consistently low, never attaining values over 90,000 per cubic millimeter. 

In addition to transfusions, vitamin B, vitamin C, calcium gluconate, vitamin K, peni- 
cillin, snake venom, reticulogen, and even pentnucleotide were utilized without in any way 
affecting the course of the disease. Blood cultures, serum agglutination tests for typhoid 
and paratyphoid fever, undulant fever, tularemia, and typhus, and the heterophilo agglu- 
tination test were negative. On April 16, .2 c.c. of snake venom was injected intradermally 
and gave a strongly positive reaction. 

On April S a sternal puncture was performed. This showed a cellular marrow in which 
no quantitative or qualitative abnormalities of the' erythropoietic and myelopoietic elements 
could be foun<l. Megakaryocytes appeared plentiful but demonstrated qualitative alterations, 
such as vacuolization and hyalinization of the cytoplasm, absence of granulation, and pylcnosis 
of the nuclei. 

The patient’s hematuria, dysuria, frequency, and .difficulty in voiding increased steadily. 
On April 21 a cystogram was taken which disclosed six sharply demarcated, spherical, nega- 
tive shadows both on the right and on the left, averaging about 2 cm. in diameter (Pig. 2), 
which were interpreted as bladder tumors of unknown etiology. On the basis of the unusual 
roentgenogram, and because it was thought that the hemorrhage might be arising from 
the tumors, cystoscopy was undertaken the following day. In addition to multiple areas 
of submucous hematomas, two spherical neoplasms were found. They appeared to be sessile 
and solid and showed bullous edema on their surfaces. It was felt that the bleeding' was 
coming from one of the tumors, although the exact site of hemorrhage could not be seen. 
The lesions were regarded as rare bladder tumors and their removal was advised. 



I'ig. 2. Cystogram showing tlie fllllng defects caused by multiple, smooth-surfaced, round, 

tumor masses. 

Accordingly, a suprapubic cystotomy was performed that day. The bladder was found 
to be thick-walled and edematous. There were multiple tumorlike projections of the mucosa- 
on boUi sides of the bladder and several were removed by high frequency current. On cut 
section they consisted of large, firm, submucous hematomas. Control of the bleeding was 
only partially successful by electrocoagulation. 

On the following day the patient’s condition was extremely precarious and the advisa- 
bility of performing a splenectomy was considered. As an emergency lifesaving measure, 
therefore, the operation was performed. The results of the histologic examination of the 
spleen will be considered in connection rvith the autopsy findings. 

There ensued a temporary improvement in the urinary hemorrago and in the hema- 
tologic status, but this was short lived, to be followed by definite signs of peritonitis which 
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apprareil in tlio region of (he cj-stolmaj- and nliidi gradirally became diffuse. Distention, 
cardiac embarrassment, ami indnionary imolvement became exceedingly distressing; tlie 
temperalntc tmd K-bito blood count rose steadily nnd tlic p,atient died M.ay 33, 3041. 

AuUypsy Protorol 

Autopsy revealed u year-old emacinted ICegro man The t-kU\ of the pulma and 
soles and the conJuTictlval, oral, ami na^^al muro.-sa wvtt studded with multiple petecluae. 
The abdomen dull to percussion m the flanks and a fluid wave could readily bo clieded. 
Generalized lymphadeaopathy was abMud. 

On incision, the pectoral and abihmMual iiiuscles and tiic fascial spaces contained a 
few circumscribed areas of licinorrhaKC. The peritoneal canty contained liters of thiclc, 
viscid fluid. Tiicre nas a diffuao plastic fsbnnopurulent Ifemorrhagic peri- 
toniUs present throughout the abdouuutd canty, Imiug the vjsccral as well aa the parietal 
peritoDCum ^nd malting loops of Inige and .'vniaJl intestine together. The demo of tlie liver 
and corresponding diaphragmatu- surfaces \\e»f completely covered by this shaggy exudate. 
The posterior wall of the bladder wn.s deiis-vly adherent fo loops of intestine, creating many 
loculatcd fluid'fdled cavities. Tlie was «i«all and the anterior edge was thin and 

wrinkled. 

The pericardium and jdeurai va\it»cs diowed moderate effusion. The linings were 
Etudded witli ecclmnoscs. 

The lungs revealed considerable vuhpleural and paioncUymal horaorrhages. Congestion 
ami edema were prominent. 

The heart, aorta, pancreas, and adicnah ilisolo'sed no unusual cliangci'. 

The anterior edge of the liver was unoklcd and ntrophic and the consistency was very 
soft. The capsule of Glisson was lined by a thick, librinohemoTrlingic plastic c-vudate, tho 
tutfacc of which was shaggj* and ululc-gray, while the deeper portions were red, datk, and 
On cut fcctioa the liter parenchyma was Jiioisf and of gr.ass grcon-ycUow hue. The 
lobular markings were not distinct. In siweial places small hemorrUagie drophke foci were 
Boted. 

Many hemorrhages were .«oen throughout the null of the gastromtcstinal tract. The 
*cro8a was lined by a similar plastic exudate. Many large, soft, swollen lymph nodes were 
present in the radix meseittcni and especially in the para-aortJo area at the bifutactlon. 



!»«£«!?■ 2— S»rtat:e ot Madder ehowInE the marked dkeoloratton of the nwcosa and the 

«, ot the bladder ,-all obotrlnE toe tMekemne and hemorrhagte dls- 

'WoratJon of all coats, Arrows indicate the submucous hematomas 


The kidneys showed no gross bemorrhagea. The bladder was removed will, the skin 
•"■I aMominal wall to which it was satwed ia toto. The maco.sa was dark, discolored, 
TOoUen, and aodular (Fig 3). Lateial to the left ureteral orifice were noted two cherry- 
*‘«d, amootirsarfaced, dark diseolored, soft masses. laitera! to the right orifice, a rough, 
*'«‘Sgy, sulured substance defect ot the mttcosa and toe bladder wail could be seen, the 
‘"tfcee of which was lined hv yellow-gray, necrettc. ftiable malerial. Cut sections through 
"" totaor masses revealed large, formed, soft clots in toe subniucosa winch raised tlie 
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epitlielial lining above the surface (Fig. 4). The entire ■n-nll of the organ was swollen, 
dark, discolored, and hemorrhagic. 

The head and brain were not examined. 

The spleen was removed twentj- days ante mortem. It weighed 115 grams and measured 
10 by 7 cm. The cap.sule was smooth and tense. On section it was dark and of firm con. 
sistency and the pulp scraped with difficulty. The Malpighian corpuscles were hardly 
noticeable. , 

EistologUi Examination of Tissues 

lAings. — Microscopic examination of lungs revealed the presence of many variable- 
sired hemorrhages throughout the organ, a.ssociated with atelectasis and congestion. 

Eeart . — The heart showed no unusual changes. 




Fig. 0. — Photomicrograph of liver demon.slrating the thipk plastic exudate of the capsule and 

the severe toxic necrosis (X112). 


iiT'cr (Fig. 5). — The capsule of Glisson was thickened and covered with a layer of 
organized fibrinohcmorrhagie exudate. The subcapsular tissue showed a diffuse round coll 
and fibrobla.st accumulation. The liver parenchyma was studded haphazardly by many areas 
of fresh and old hcmorrhage.s. Some of tliese wore mere punctate foci, while others were 
quite extended and appeared to lie botit centrolobular and peripheral. Many hemorrhagic 
foci showed beginning fibroblastic organization, while others, however, were composed of 
fresh blood. The liver cells wore granular, swollen, and vacular and contained a considerable 
amount of light yellow-brou-n pigment, ilany of the bile eanalieuli were distended with 
firm, clumping, bile pigment thrombi. There were areas of necrobiosis characterized by the 
presence of fragments of liver cords and cells, many of which possessed highly pyknotic 
nuclei. There was a diffuse acute and chronic inflammatory reaction comprising round and 
plasma cells and granuloi'vtes. The sinusoids were congested, particularly in the mid-zones. 
Tlie Kiipfer and endothelial cells showed a very prominent swelling. Many of the swollen 
endothelium were l.ving free within the lumen and were packed with pigment. Sections from' 
variou-S portions of tlie liver revealed necrotic and hemorrhagic changes ranging from mini- 
mal to extensive. 

Pancreas . — Tlic pancreas was nonnal. 

Sglccn . — The cap-'ulo was intact .and of uniform thickness. The trabeculae were 
thick aud fdjrous. There ua- marked reduction in tlie number and size of the Malpighian 
bodies, only a few normal nodules being present. Tlie usual lympli follicle was small and 
possessed a rudimentary germinal center. Its cells were markedly swollen and irregular in 
size; the nuclei stained poorly and were vesicular in appearance, and the cytoplasm wa.' 
quite acidophilic. Many small, ba'opiiilic particles derived from ilegenerafed pyknotic nuclei 
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TTCw lying 'vrithin these awollen reticuium cells. There appeared to be considerable mid’ 
follicular fibrinous exudnto (toxic reaction). 

ThQ sinusoids were markedly congested. The stroma was dense and filled with solid 
sheets of large, swollen plasma and reticulum cells. Tliese possessed large, vesicular, lobu- 
bted or xenifortn nuclei nUich appeared to be s«>mewhat eccentrically located mthin the 
ccU. The cytoplasm was usually moderateU or strongly aeidophiUc. Largo numbers con- 
tained a dark brown or yellow, clumpy or gramdar pigment, Phagf'cjto'.is of basophilic par- 
tides which might possibly have been derived from ncerotie cells. |<latelet>. or extruded eryth- 
rocytic nuclei was noteworthy. There was eon-^ulernhle tluckenmp of the walis of the sm^ 
terminal arterioles. In many cases the lumen< were markedly narrowed and, in a few in- 
stances, completely occluded. 

In occasional sections, areas of coagulation necrosis were present. These foci were 
diffusely dotted by many small punctate biivophihc -.tauio*! particles In the periphery, 
remnants of cells which wore undergoing norrosi-i were <.eem External to this zone there 
were many large, swollen, lustiocvtic cell- which were choked with small, round, basophilic 
particles. Largo numbers of multinnclcated giaiit cells were seen These assumed very 
large proportions of bUarro appe.aramv; many [>o-se«.ed from fn/> tu I'ne nuclei which were 
either lobnlated, indented, vesicular, or pyknotjc. The cytopla-im was quite acidophilic. 
Abundant large mononuclear giant celV'i frequently -how mg granulation were also present. 
These elcmeats reprwented foci of erylhropojeiis and m\elopoie-*is as well a? the appearance 
of megakatyocyiea. 



8.— PhDtomicro^nh of Uie submucous hematomas of the bladder 

Lymph nodes from the radix mesenterii, para -aortic, and para -pancreatic region were 
CJoalituti-pe alterations were quite similar in aU note. There iras consiaerabie 
“swsemmt throughout, the capillaries brang particularly disteuaed. Foci ai hemorrhage 
W'e fequent. There was a nctrrorh composed of trelMereloped, hbrous soptae ivhich arose 
“ ike capsule or hilns and which created a lobular appearauce. The usual uodol pattern 
ahsent uud lymphocytes were disttibuted rather erenly, Genmnal ceuters nrere com- 
Phtcly nbseat aud there teas no focal nccnmnlatJon of lymphoci^es. Amidst these cells 
Blteum ianumerablo large ruonocytoid cells possessing eccentric reniform or lobulated 
""Iti. the chromatin of trhich teas usually Ktieulatcd or Bad-kem in appearance. These 
'™ possessed deSnite tell boundaries; tho cytoplasm teas usually sometthat opaque aud 
"tofranular in appearance. Many hud u strong acidophilic cytoplasm. A moderate number 
" ’»gu multinuoleatcd and mnltilobulated cells were stretm irregularly throughout the tissue, 
‘tnscntly the giant cells possessed mitotic figntes. The peripheral sumscs ticre not par- 
•^llarly sttoUen. They contained n moderate nnmbcr of round and reticulum cells, some of 
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■wliicR were swollen and contained a brown-yellow clumpy or granular pigment. Basophilic 
nuclear debris frequently appeared to have been engulfed by phagocytic cells. 

The serosal surfaces of the gastrointestinal tract were coated by a thick mass of hemor- 
hagic plastic exudate. 

Kidney . — There was considerable diffuse, as well as patchy, congestion throughout the 
parenchyma, especially in the cortex. The glomeruli were considerably engorged but showed 
no degenerative clianges. The tubular epithelium was swollen, granular, and vacuolar and 
had desquamated in some places, forming solid plugs. In several places dry, contracted, 
hemoglobin casts were noted. There were many foci of IjTnphocj-tic and plasma cell infiltra- 
tion, especially in the perivascular tissues. 

BJadder . — Sections through the tumor mass of the bladder wall disclosed the epithelium 
to be completely absent. The lamina propria was edematous and infiltrated with many large 
macrophagic cells containing brown pigment. Between the muscle coat and the mucosal 
layer, there was a large, firm clot showing some degree of organization (Fig. G). All coats 
were diffusely hemorrhagic. 

Bone Marroto (Direct Smear and Fixed Specimens ). — Bone marrow consisted of broad 
sheets of cells with comparative absence of fat. There was considerable congestion of the 
sinusoids. The cells could be readily identified as members of the granulocytic series, includ- 
ing myeloblasts, a moderate number of myelocytes, and juvenile, stab, or segmented forms. 

A. s. 



o. n. 

Eijr. 7. — A and B, PhotomlcroEraphs of mecakaryocytes on direct smear obtained by 
sternal puncture. These Illustrate the severe toxic vacuolization of Uio cytoplasm (XHOO). 
C and D, Photomicrographs of megakaiyocytcs from fixed bone marrow obtained at autopsy. 
Here the bizarre-shaped, pyknotic nuclei are clearly evident (XSOO). 
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Thera were, also, considerable nmnbers of nonnoblasts and nucleated red cells. Megakary- 
ocytes trero present in abundance. These shorted considerable evidenee of hyperplasia 
demonstratea by the large, s-irollcn, nonlobulatcd, javenile forms. Adult forms could be 
seen bat these disclosed considcrabto dcgcneratlTe alterations characterized by the presence 
of pyknotic nuclei, Yacuolizntioa of the cytoplasm, and loss of granulation (Pig. 7 B, 
C.D). 

DISCUSSION 

The diagnosis of thrombocytopenic purpura in this ease appears to be well 
supported on the basis of consi.stcntly low platelet counts, absence of clot 
retraction, somewhat prolonged or normal bleeding time, normal coagulation 
time, the positiye Rumpel-ticcd phenomenon, positive venom skin test asso- 
ciated with spontaneous purpura, and free bleeding from the bladder mucosa. 
The anemia was not out of proportion to the amount of bleeding; there were 
no pathologic cells in either the blood or bone marrow diagnostic of leiicemia 
or specific anemic states (aplastic anemia, pornieions anemia, chronic hypo- 
chromic anemia), and there was no appreciative enlargement of the spleen, fur- 
ther ruling out the group of congestive splenomegalies. 

Because of the marked reduction in the number of blood platelets, con- 
sideration of nonthrombocytopenic hemorrhagic disorders may be safely 
omitted. A diagnosis of Sehonlcin’s purpura is not valid, since the arthritic 
manifestations antedated the hemorrhagic phenomena by several months, 
Henoch’s purpura may also be excluded, since the abdominal pain, epigastric 
distress, hematemesis, and melena diagnostic of this condition were consist- 
ently absent. A^tamin C or K deficiencies, hemophilia, hereditary fibrinogeno- 
penia, multiple hemorrhagic telangiectasia, and licredit.ary hemorrhagic diath- 
esis are not supported by any evidence on hand. 

AYitli the primary diagnosis thus assured, further analysis of the case is 
mandatory in order further to classify the syndrome as either essential, pri- 
mary, or as secondary, symptomatic, thrombocytopenic purpura. Our patient 
was a Negro man, aged 35 years, a fact which poses several preliminary ques- 
tions of probability. According to AVintrobe, Hanrahan, and Thomas,'® and 
himarai,® essential thrombocytopenic purpura is exceedingly rare among the 
Negro race. Extremely striking is the high incidence of cases in young female 
adults. AVintrobe, Hanrahan, and Thomas found that 88.7 per cent of the 
cases -occurred before the age of 24 years. No more than 10 per cent of the 
cases were over 40 years of age. In their series, AViseman, Doan, and AA’ilson” 
found 60 per cent before 21 years and 50 per cent before adolescence. 

^ On the basis of these statistical data, the chances of a male Negro, 35 
years of age, suffering from essential thrombocytopenic purpura arc reduced. 
Since the development of essential purpura hemorrhagica is much more com- 
mon in childhood, the appearance of purpura in an adult should arouse sus- 
picion of a chemical etiologio agent. 

The evidence in favor of toxic, secondary thromhoeytopenio purpura in 
cur case is quite impressive. This will be presented from the standpoints of 
tte history of exclusive medication with sodium salicylate, the failure of 
splenectomy to cure, and morphologic data. 

The History of Exclusive Medication With Sodhmi Saliajlaie . — Sodium 
salicylate was started Jan. 31, 1944, and consisted of a mixture of unknown 
ctnount which ivas given every four hours for three days on the Britisli hospital 
After admission to a numbered general hospital, this therapy was con- 
tinued, 80 gr. daily, from Feb. 4, to March 8, 1944, ivhich totals 2,640 gr. in 



92G 


RAPPOPORT, NECOX, AND BARKER 


thirty-three days.' From March 8 to March 22 the patient was enronte from 
ovei’seas to Fletcher General Hospital and no medication of any kind was given. 
Tlie patient was started on sodinm salicylate March 22, ■with a daily dose of 30 
gr., and this medication was continued until and including April 1. A total of 
300 gr. were given in this ten-day period. No other drug except an occasional 
multivitamin capsule was given the patient. 

It is significant that the patient w'as exposed to a comparatively large 
amount of sodium salicylate (2,640 gr.) for thirty-tiu’ee days without demon- 
strating any hemorrhagic phenomena. This was followed hy a drug-free phase 
of fifteen da 3 's, at the end of which he was once again exposed to the same 
noxious agent. Nine daj's after onset of this second exposure, the bleeding - 
began. This behavior is so similar to the course of events in "serum sickness," 
for instance, that it is difficult to conceive of a mechanism other than an antigen- 
antibodj^ reaction of allergic nature. The nine-day period of latency following 
re-exposure in our case is classical for other allergie states. 

A similar behavior has already been recorded in a number of eases of 
thrombocytopenic purpura due to Sedormid, a notorious offender.® Although 
large amounts of this dx'ug had been taken for a prolonged period of time 
(several months) without untoward effects, injection of a comparatively small 
dose after a short period of abstinence -was followed by purpura. The deliber- 
ate administration of small amounts of Sedormid and of organic arsenicals* 
caused the development of purpuric and ecchymotie lesions within a short 
time, and, in the case of arsenicals, varying degree of shock. Peripheral 
thrombocytopenia has been observed in experimental anaphylactoid shock,'' 
although the degree of platelet reduction had been variable. Allergic sensi- 
tivity to vegetable foods, snake venoms, and insect bite has been incriminated 
in purpura. To recapitulate, it is probable that th^ patient became sensitized 
to the antigen (sodium salicylate) during his hospitalization overseas, which 
stimulated the production of sodium salicylate antibody in his serum. Upon 
readministration of the specific antigen, the allergic reaction occurred nine 
daj’s after onset of exposure and expressed itself in the form of a hemor- 
rhagic diathesis. 

The Failure of Splenectoviy io Cure . — The megakaryocytes in bone marrow' 
examination Avere found in ample numbers. At the time of examination, the 
significance of their qualitative morphologic changes was not appreciated and, 
thus, on the basis of these alterations, no objection could be raised against 
splenectomy. Personal communications from Dr. Charles A. Doan, folloAving 
the fait accompli, enlightened us as to the correct interpretation of these ab- 
normalities and furnished additional evidence for the belief that this was a 
secondary thrombocytopenic purpura. In the light of hi.s experience, vacuo- 
lated cytoplasm, pyknotic nuclei, and absence of granulation constitute evi- 
dence of a toxic effect. In addition to these changes, the presence of meta- 
plastic foci of megakaryocytes in the spleen is further substantiation of the 
toxic genesis. 

Morphologic Data . — Failure of splenectomy to cause cessation of the hemor- 
rhages is introdxieed as valid evidence to support the diagnosis of secondary toxic 
thrombocytopenic purpura due to sodium salicylate, since it has been definitely 
established that this operation is particularly effective in controlling the hemor-, 
rhages of primary thrombocjiiopenic purpura. 

Doan,® and Wiseman, Doan, and Wilson” stress the contraindications of 
splenectomy in cases of doubtful diagnosis, cases presenting a recent histor}' of 
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contact with certain drugs, cases occurring during the actual or convalescent 
stages of all infectious diseases, and cases in which the bone marrow shows de- 
pletion of the megakaryocytic content associated with morphologic abnormali- 
ties. These mandates have secured universal acceptance. In our case, the 
absence of a history of previous medication with sodium, salicylate, the lack 
of a precedent of the thrombocyte depressing action of this drug, and the un- 
awareness of the significance of the morphologic changes in the megakaryocj’tes 
prevented the establishment of proof of an allergic reaction. In view of the fact 
that the prognosis was considered grave, and because 20 liters of blood had been 
given ^rithout improvement, splenectomy was performed as a last resort. 

COXCUUSIOXS 

1. A case of fatal secondary toxic thrombocytopenic purpura due to sodium 
salicylate is presented. 

2. The causal relationship is based on the proved history of sensitization to 
sodium salicylate, the absence of exposure to any other chemical or infectious 
agent, the morphologic characteristics of the megakaryocytes, the metaplastic 
appearance of these elements in the spleen, and the failure of splenectomy to im- 
prove a thrombocj’topenic purpura. 
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THE MOKPHOLOGY OP THE ERYTHROGENIC RETICULUM OP THE 
BONE MARROW IN ADDISON-BIERMER’S DISEASE IN RELAPSE 
AND EARLY REmSSION AS SEEN BY THE 
IMPRINT METHOD 

With Reference to the Myelogenic and Megakaryocytogenic Reticulum 

Emil Maro Schleicher* 

Minneapolis, IMinn. 

T he morphology of the bone marrow organ in Addison-Bicrmer’s disease 
(addisoniau pernicious anemia) has received considerable attention with, 
the advent of intravital bone marrow studies for diagnostic, therapeutic, and 
prognostic purposes. A critical analysis of the pros and cons pertaining to 
the character of the erythro-, myelo-, and megakaryocytogenesis revealed that 
the structural pattern of the reticulum has been little studied. The reasons for 
the treatment of the reticulum as a minor subject are (a) the widespread pre- 
sumption that the absence of the so-called “ antipernicious anemia principle” 
(erythrocyte maturation faetor) brings about a "maturation arrest” of the 
erythroblast (megaloblast) , myeloblast, and megakaryoblast, (b) the use’ of 
the term "megaloblast” to designate the earliest recognizable erythroblast and 
the belief of Sabin'® that this erythroid cell is morphologically identical with 
the basophilic "megaloblast” in the marrow affected by Addison-Biermer’s 
disease, and (c) the -nddely accepted concept of Doan,^'® that the erythroid cell 
is derived from the endothelium of "intersinusoidal capillaries.” These factors 
have led to diametrically opposed opinions as to the type of erythroblasts pres- 
ent in the nomal marrow and in the marrow affected by Addison-Biermer’s 
disease®' " and as to the mechanism by which normal erythropoiesis is re-estab- 
lished. 

Li order that the reader may more fully appreciate the significance of the 
statement just made, a few of the most recent discourses pertaining to the tjTie 
of er5i:hrogenesis present in the marrow in relapse and early remission of 
Addison-Biermer’s disease will he briefly discussed. Schartum-Hansen®® be- 
lieves that the promegaloblast is the precursor (primitive form) of the macro- 
blast (pronormoblast of other authors). Under specific therapy the promegalo- 
blast differentiates into a macroblast and the latter into a normoblast. Accord- 
ing to Lambin and DeWeerdt,'* the promegaloblast may either differentiate into 
an intermediate proerythroblast "erj'throblastes intermediaires” which ma- 
tures into a polychromatic megaloblast, and at this maturation stage the identity 
of the cell is lost, or the promegaloblast may develop directly into a pronormo- 
blast and normoblast, respectively. Davidson and associates’’® refer to the pro- 
megaloblast as tj-pe I erj-throblast, which, according to these investigators, in- 
cludes the proerj'throblast and primitive megaloblast of other authors. This 
type I cell, which is present in the normal bone marrow, is increased in addison- 
ian pernicious anemia. Under specific therapy it develops into a type II 
Xmorphologically similar to the intermediate erythroblast of Lambin and De-. 

' From the Deportment of Internal Medicine. Minneapolis General Hosnltal. 
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AYecrdt) and subsequently into a tj-pe III erytbroWast, that is, tbe normo- 
blast. Wilton” presumes that the development of a megalohlast K the seque a 
o£ an abnormally slow maturation of a ceU he designates_‘‘reticulo-erytbro- 
blast or erj-tbro-myeloblast,” morphologically identical with the p'^ido- 
myeloblast” but biologically different. He believes that megaloblastosis is the 
expression of a disturbed tissue development. The alteration of the nuclear 
roorphologj' (nuclear maturation arrest) would be proportional to the degree 
of die pathologic physiology. Wilton assumes that liver therapy 
the maturation process and restores normal eiythrogenesis. Vischer « ^ 

opinion that the megalohlast is not transformed into a normobl^t. T^s -new 
rZred by Limarf” and Kohr.- KoUer” believes that a “mehrkern.ger 
Megalohlast” or "Giantoblast” gives rise, by the proce^ of heteroplastic di- 
visL, to as many as three normoblasts. The latter cell nomo' 

vided by smaU megaloblasts. "tibergangsEormen, which 
blasts, whereas other normoblasts are produced thl 

of reiamed erythroid cells. Jones,-- who derives the 
myeloblast and retieulo-endotholium, believes that 

blasts can be traced to the myeloblast. He states tba the J 

a pathologic ceU and that the normoblasts which eonstitu e part of 
vemion pattern are derived from remnants of the 
heteroplastic development from the reticulum, t le mj e o s , 
and Levinson” hypothesise that the rapid transforma ion of 
to normoblastic marrow is caused by multipolar 

according to their hypothesis, originates from the « 7tL 

nucleated en-tbroid cells which give rise to normoblasts onlj, Doan is oyne 
optoutha?; maturation arrest of the megalohlast occurs 
the erythrocyte maturation factor which, in turn, ^ Administration 

iron considered essential for the maturation of cvyt garly and 

of specific therapy results in the utiltotiou of iton and 

late erj-throhlasts and “°™"^”Xdks th appearing 

gest on the of protoporpn> nn svuaes 

after liver therapy may be derived from mega 0 as 5. nrome^aloblast is a 

I” have stated elsewhere my 

pathologic ecll and is derived pronormoblast or basophilic 

crrthroblast docs not give the belief that the pro- 

normoblast and vice versa. Furthermore, v r>.itieTits with Addison- 
mcgaloblast characterizes the marrow hereditary and com- 

Bicrmer’s disease per se and biologic , . obsei-vations presented 

plei elinical entity. This concept is strengthened by the obsei-v i 

in this paper. most recent hypotheses regarding the 

The preceding brief outUne of t „yti.j.o„euesis and the process by 

character of the physiologic shows that the subject is of a 

which the latter state subsequently is eorreemu 

highly controversial nature. C!,.V,„Uen”. « observed that the 

As to the mopholo^ ” V«- 

Retikulumzellen smd meist sehr za i „ py^^jjgrpjjgsprozess unterwarfeu.” 
the reticulum is “ciuem cigentumlichen i i-etrooressioa of the reticulum 

hirer therapy, according to h^, W Ketikulum.” Jones” 

. hyperplasia. Kohr-> speaks of a , ' „ , 

suggests a probable involvement of the reticnlo-endothelmm. „ 

-GroeD of diseases semtiefV «>f‘f SS'e”'nee S' pmmegSloMit^o't^tl.e 

be identified by the tnorphology of tne 
*>■»)« described in this paper. 
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It is the purpose of this paper to show (a) that Addison-Biermer’s disease 
(addisdnian pernicious anemia) involves the reticulum, (b) that the reticulum 
is pathologically activated, (c) that the lack of the liver principle does not 
cause a maturation arrest of the normal erj'throblast but that a pathologic 
erythroid cell the “promegaloblast” is formed, (d) that organotherapy (specific 
therapy) affects the reticulum, and finally (e) to re-emphasize the close rela- 
tionship between the reticulum and the so-called stem cells, the erythroblast, 
myeloblast, and megakaryoblast, by showing that these cells retain structural 
patterns identical ■with the activated reticulum which proliferated them. 

MATERIAL 

One hundred two patients (53 men and 49 women) with uncomplicated 
Addison-Biermer’s disease (addisonian pernicious anemia) in relapse served 
as subjects. These individuals were under the care of the medical scr'vice of the 
Minneapolis General Hospital. With the exception of four patients who showed 
free hydrochloric acid in the gastric juice after histamine stimulation,® all 
subjects presented clinical and hematologic features characteristic of Addison- 
Biermer’s disease in relapse. The insidious onset of this hereditary and complex 
disease makes it practically hopeless to fix the date of the first symptoms, the 
number of attaclcs, and the spontaneous remissions preceding the progressive 
downhill course which forced the patient to seek medical attention. For prac- 
tical and statistical purposes, these patients were therefore classified “first 
admissions,” meaning that none of them was under the observation of a phy- 
sician and had no specific therapy previous to hospitalization. The majority 
of the group was of Scandinavian stock. The age of the patients ranged be- 
tween 29 and 88 years, with a mean of 59.3 years for the male and 65.8 years 
for the female. The mean age for the entire group was 62.5 years. The 
circulating erythrocyte quantity ranged between 480,000 and 2,800,000 cells 
per cubic millimeter. The mean corpuscular volume was between 98.6 and 160 
cubic microns. The reticulocyte percentage was between 0.3 and 1.5 per cent. 
The sternal part of the bone marrow organ was hyperplastic in the majority 
of the patients. Promegaloblastosis was conspicuous in all marrow specimens. 
The sternal marrow was re-examined twenty-four, thirty-six, forty-eight, and 
seventy-two hours after specific therapy had been instituted. The distribution 
of therapy was as follows. Sixty patients received parenteral liver extract, 
1 U. S. P. unit, and ten subjects, 15 U. S. P. units daily. Twenty patients were 
given Ventriculin,t 40 Gm., equal to 1 U. S. P. unit daily. Seven received the 
juice of one pound of raw liver daily. Five patients recovered from the anemic 
state without specifie therapy (spontaneous remission). These patients served 
as controls. Another bone marrow aspiration ivas done on these control subjects 
at the peak of reticulocytosis to supplement the specimen obtained on admission. 

NOMENCIjATURE 

The term “relapse” connotes the characteristic bone marrow morphology 
and peripheral erythrocyte quantity of less than 3.0 millions per cubic millimeter. 
The terms “early remission” and “late stage of early remission” are used 

•I atn aware of the accepted medical dictum *'no anacldity, no addisonian pernicious 
anemia." I do not believe In such a restricted limitation as far as biologic processes are con- 
cerned. Modifications occur in other clinical entitles; thus biologic variations should be ex- 
pected in this disease also. 

Over a period of from one to two and one-half years secretion of free hvdrochloric acid 
ceased in all four subjects. The fact that achlorhydria developed and symptoms of relapse 
.occurred when specific therapy was withdrawn shows clearly that the concept of "biologic 
variations" Is correct. 

tParke» Davis & Co., Detroit, Mich. 
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for the healing phase, tiiat is, adjustment of the pathologic state of the marrow 
organ toward normality under specific therapy or by means of spontaneous 
elaboration of the liver principle. The term " reticulum is applied to quiescent 
totipotential mesenchymal cells (lymphoid reticulum) and activated reticulum. 
The terms 1‘erythrogenic reticulum, myelogenic reticulum, and megaharyocyto- 
genic reticulum” ’denote activated reticulum which, from the morphologic point 
of view, is distinctly assooialod with the proliferation of erj-throblasts, myelo- 
blasts, and mogakaryoblasts. The terra “erythroblast” is used in a collective 
sense and covers any nucleated crythroid cell in both the normal and pathologic 
marrow' organ. The term “promegaloblast’’ as defined by Naegeli is applied to 
the earliest recognizable pathologic erythroblast. The term “pronormoblast” is 
applied to the earliest recognizable normal erythroblast. The term “myeloblast” 
as defined by Naegeli is used for the earliest recognizable myeloid cell, and the 
term “megabaryoblast” is applied to the stem ceil associated with throrabo- 
cytopoicsis. 


METHOD FOB OBTAINIKO GROSS MARROW UNITS FOR niPKINT 
AND HISTOLOGIC PREI’AR.mOXS 


A detailed account of a method for obtaining gross marrow units from 
the human sternum has boon published elsewhere.” Until the ine-Kperienced 
investigator is familiar with the material from which he is to make “key” im- 
print and histologic preparations for the purpose of studying the morphology 
of the roticulura, tlie aspirated stenial marrow should be gently mixed with 
finely powdered commercial heparin.* Kc.v imprints are made without the 
benefit of an anticoagulant from gross marrow' units immediately when aspirated. 
The aspirated marrow is spread thinly over a paraffin-covered glass plate. A 
large gross marrow unit is picked up with tlie flat cut end of a wood applicator, 
Care must be taken that the tissue be only slightly touched and that it be ever 
so slightly spread for several millimeters on a chemically clean glass slide. This 
procedure is repeated until several rows of serial imprints of the marrow tissue 
have been made.” Tlio opposite cut end of the wood applicator is used for 
picldng up another gross marrow unit. This method requires some skill and 
speed because the gross marrow units must be picked up and the imprints made 
before a coagulum is formed. The method just described produces a minimum 
fiesrce of cellular distortion; that is, delicate structural details are preserved. 
The Use of an anticoagulant, however, permits not only transportation of the 
ttarrow specimen to the laboratory, but also the selection of gross marrow units 
suitable for imprint and histologic preparations to be done in a leisurely 
®anner. While the photomicrographs which accompany this article were made 
from gross marrow units not exposed to an anticoagulant, it has been my experi- 
sace that for as long as thirty minutes no appreciable changes ocenr in the 
architecture of the units and nuclear morphology if the marrow specimen has 
been kept fluid by heparin as recommended in this paper. It is suggested that 
fhe effect of new anticoagulants on the cellular morphology be compared with 
tkat of a key imprint. The imprint preparations are stained according to a 
"'cthod publi.shed elsew'here.”' ” Briefly the procedure is as follow-s ; 

1. Whip preparation through the air to facilitate drying. 

2. Bring the slide in a horizontal poaition. 

3. Place 0.5 c.c. of Wright staint oo Uie slide and permit the dye to act for two mia- 

Utss. 


'Commercial Rrade derived from dog- Uver (Lota 151 and 152) Is recommended. Made 
"r Hl-ason. Westcott and Dunnlnsr, Baltimore. M«. , oi .v , v , 

lOnlv a certified stain should be used and mado up aceordloE to dlrecUona on the label. 
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4. Add 2 C.O. of distilled water (pH C.O to 6.4). Place a parafSn-coated wooden ap- 
plicator horizontally over the fluid .surface (long axis of the slide) and keep the mixture in 
motion by removing and reapplying the applicator to the surface of the staining mixture. 
Kepeat this step until stain and diluent are well mixed. 

5. Permit the stain to act for from five to ten minutc.s. 

0. E'inse the stain oil with distilled water. 

7. Dip the slide for several seconds in Schleicher’s dccolorizer.* 

8. Wash well under running distilled water or two changes of distilled water. 

9. Check staining under the microscope while preparation is still wet. 

10. Let the preparation dry by air. 

The gross marrow units selected for histologic preparations are fixed in a 
mixture consisting of phj’siologic saline, 90 c.c., and neutral formaldehyde, 40 
per cent solution, 10 c.c. Helly’s fixing fluid may be used. Fixation in the 
latter fluid should not exceed one hour. The units should be serially sectioned 
about 5 microns in thickness. The sections may be stained either with azure II 
and eosin, hematoxylin and eosin, or any other preferred routine staining 
method.=“ 

GENERAL CONSIDERATIONS PERTAINING TO THE STUDY OP ACTIVATED RETICULUM 

While the nature of the mechanism that initiates the development of a 
quiescent reticulum cell into an erythroblast, myeloblast, or megakaryoblast 
is still unknown, it appears from the study of activated reticulum that the 
stimulus is a "specific.” When presnmablj’ the substance becomes structurally 
different, or is quantitatively, qualitatively, or both, deficient, the morphology 
and functional state of the reticulum undergoes conspicuous changes. 

klorphologic variations of activated reticulum may be encountered in the 
physiologic bone marrow organ. The presence of some malformed reticulum 
should he expected in a structure as complex as that of the bone marrow organ. 
It is obvious, therefore, that the investigator should he well acquainted ivith the 
variations of the morphology of the normal reticulum and artifacts created 
by the method employed in order that he be able to segregate the aforemen- 
tioned structural deviations from those caused by Addison-Biermer’s disease. 

It became apparent from the study of normal and pathologically activated 
reticulum by the imprint method that the erythrogenic, myelogenic, and mega- 
karyocytogenic reticulum cells have distinct patterns which appeared to he 
sufficiently constant to permit an observer to distinguish between the various 
t 3 ^pes of reticulum. The pathologically activated erythrogenic reticulum may 
be divided into three arbitrary patterns which, like all biologic phenomena, 
are subject to variations. Although the variability does not deviate to such 
a degree from the standard patterns described here that difficulties arise re- 
garding a clear-cut separation of the patterns, the latter are (a) the morphology 
of the erythrogenic reticulum in relapse, (b) the morphology in early remission, 
. and (c) the morphology in the late stage of early remission. 

, While a detailed description of the structural pattern of the erjdhrogenic 
reticulum is given in this paper, it should encourage the observer to "see” varia- 
tions of morphology rather than to fix a too limited pattern in his mind because 
even the experienced morphologist at times may have trouble cla.ssi£ying acti- 
vated reticulum according to a static pattern, particularly when the pathologic 
process is very severe. 


•Acetone 
Methyl alcohol 
- Distilled water 


0.5 C.C. 
5.0 c.c. 
100 c,c. 
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THE MORPHOLOaV OF THE ERYTHROQENIC RETIOULDM IN RELAPSE 

The activated epj’throgcnic reticulum in relapse presented in general the 
morphology shoivn in. Fig. 1, A. Comparison with the normal erj-throgenie 
reticulum, Fig. 4, A (assumed to be at the same developmental stage), reveals 
several conspicuous differences in morphology. The chief features are the 
greater size of the retioulurn syncytia and particularly the pattern of the nuclei. 
Promegaloblasts arc in the process of proliferation, are attached to, or are in the 
immediate proximity of the erythrogcnic reticulum. The lower arrow in Fig. 
1, A, points to a reticulum nucleus accumulating a cytosome. The nucleoli are 
not conspicuous. The latter structures are not easily demonstrable because of 
their presumed fluid state and variability of compressed chromatin about these 
coraple.x structures. The nuclear chromatin has a fine granular appearance and 
is uniformly distributed throughout the well-defined parachromatin. The 
nucleus by its pronounced affinity for basic dyes is sharply outlined against 
the forming cytosome which ranges in hue from medium to light blue. A nuclear 
envelope (membrane) is not particularly discernible. It is believed that be- 
cause of accelerated anabolic and catabolic metabolic processes the envelope is 
neutral and thus fails to stain distinctly. A perinuclear zone and Hof, whose 
purpose seems to be to permit a free c.\ehange of metabolites between the 
cytosome and nucleus, and, more indirectly the nucleoli, appears at this develop- 
mental stage. Tho rate of cellular dehydration influenees the amount of 
precipitation of colloid proteins and other constituents momentarily present 
within the zone and Hof, and thus granules may or may not be present within 
these areas.** 

The constituents of the remaining cytosome are seemingly of a more viscous 
character than those of the zone and Hof. Thus the eytosome is more or less 
sharply demarcated from the common cytoplasm of the reticulum. This 
demarcation is particularly true at the periphery of the cytosome. No correla- 
tion by actual measurements could bo made out between the severity of the 
anemic state and the size of the erythrogcnic reticulum and nuclei. The 
tendency, toward hugeness of both structures is, however, striking. In general, 
the erythrogenic reticulum stains more brilliantly and lighter than the normal 
reticulum and deeper than the myelogenic reticulum. From the morphologic 
vieivpoint it appears that promegaloblasts (Fig. 1, if) are proliferated by the 
reticulum by means of the heteroplastic process because mitosis of this cell type 
has not been observed. However, mitosis is the mechanism by which the 
reticulum multiplies itself, and thus the presence of a mitotic figure indicates that 
the cell is most likely an activated reticulum cell rather than a promegaloblast. 
The morphology of detached promegaloblasts is shown in Fig. 1, B. The struc- 
tural pattern corresponds well with those given in the literature.*' **' ** Atten- 
tion is directed to the nuclear and cytoplasmic morphology of the promegaloblasts 
as well as to their size, to the close similarity of morphology of those free cells, 
and to the cells which are in the process of forming but are still part of the 
mtieulum. In this series the free promegaloblasts have been found to be larger 
than the pronormoblasts of the physiologic marrow. The cells classified as 
promegaloblasts range in size from 20 to 27 microns. These dimensions are far 
above those calculated for the pronormoblasts, which range between 13 and 16 
microns.** Again no relation could be observed between the size of the free 
promegaloblasts and the anemic state. Thus it may be inferred that the genetic 
and constitutional background, at least to some extent, determine the type of 
cell proliferated. 
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Occasionally an eiythrogcnie rctieulnm fails to develop , beyond the stage 
shoivn in Fig. 1, A.. The common cytoplasm becomes a cytosome of several 
nuclei. Such a giant multinueleated erythroid mass may degenerate or break 
up into smaller masses. In a s}'neytiiim of the character just mentioned, one 
or all of the enclosed nuclei may undergo mitosis. The latter phenomenon is 
known as multipolar mitosis. This process may create the so-called “multi- 
nuclear giantoblasts” which, in turn, may or may not give rise to various types 
of giant erythroblasts.’- -* 

THE MonPHOLOGV OP THE ERITIIROGENIC RETICULUJI IN EARLY REMISSION 
TWENTY-FOUK TO TIIIRTV-SIX HOUR PERIOD 

Conspicuous changes occur in the morphology of the erythrogenic reticulum 
indhe early remission phase induced either by speeifie tlierapy or by the mecha- 
nism of spontaneous elaboration of the so-called antipemioioiis anemic principle 
(eo'throeyte maturation factor). In general, the reticulum is of a lesser magni- 
tude — “intermediate reticulum.” The size of the nuclei is correspondingly re- 
duced; they are well demarcated but still show,^a fine granular chromatin. The 
parachromatin is prominent. Tlie nucleoli still vary in character but are more 
sharply outlined. The nuclei are surrounded by a well-defined and more in- 
tensely blue-sfained cytosome which is frequently connected by means of 
“cj’toplasmic bridges” artifacts produced by vaeuolation of the common cyto- 
plasm. Promegaloblasts of lesser magnitude cither are attached to or are in 
the immediate pro.vimity of the erythrogenic reticulum. Prom the morphologic 
point of view, tlie cells correspond well to those described by Lambin.and 
HelVcerdt as “erytliroblastos intormediaircs. ” Mitosis at that developmental 
stage is common, for heteroplastic cell production is at the minimum, and 
laegaloblaats are now produced by the homoplastic process. At this particular 
stage the tendency to rupture of the reticulum syncytium and proliferated 
cells is conspicuously less. 

In Pig, 2 is shoira an o.vample of an “intermediate reticulum.” The top 
arrow points to a still attached promegaloblast. The c-xtreme right arrow' points 
toward a reticulum nucleus accumulating a c.vtosome. Two remnants of c^do- 
plasmic bridges (pseudopods) are present. The twin arrow at the extreme left 
points at a late promegaloblast in mitosis. The eiythroblast is still attached 
to an early promegaloblast. The difference in morphology of the nucleus of the 
“normoblast-like” megaloblasts is very striking. To classify correctly the 
ciythroblast (at the left bar of tlie twin arrow) when detached from the 
. erythrogenic reticulum is difficult indeed. Even an experienced morphologist 
“ay mistake such a cell for a true noimoblast. This type of intermediate 
reticulum also characterized the marrow morphologj- of untreated individuals 
who recovered from the anemic state by spontaneous remission and of patients 
not included in this series wiiose erjdhroeytc quantities were above 3.0 million 
cells per cubic miliimeter. 

the jMORPIIOLOGY of the EBVTHBOGEKIC RETICULUil IN THE LATE STAGE OF 
EARLY REflIISSION FOBTY-EIGHT TO SEVENTY-TWO HOtm PERIOD 

In Pig. 3 is shown the phenomenal change of the morphology of the eiythro- 
fieaic retienluin in the late stage of early remission. The dominant erythrogenic 
i-eticuluni is characterized by a remarkable stability of the con^on cytoplasm 
and by a conspicuous coherence of erytbroblasts of all maturation stages. The 
®0'throgGnic reticulum, however, bears the earmarks of ba'ving developed from 
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reticulum cells of various degrees of vitality. This assumption is believed sup- 
ported by several conspicuous features ; variability of the size of the- erythro- 
genic reticulum, atypical mitosis, and, as the expected sequela, malformed 
eiythroblasts. For example, the malformed pronormoblast in Fig. 3, bottom 
arrow, is easily distinguishable from the intennediatc promegaloblast (Fig. 2, 
top arrow), although difficulties arise in predicting its developmental potentiali- 
ties. From a purely hypothetical point of view, this slightly pathologic pro- 
normoblast might give rise to normoblasts. The query arises as to_^ whether 
this type of erythroblast can develop into an orthochromatie megaloblast in 
case the effectiveness of specific therapy should be modified in one way or an- 
other. The potential presence of pathologically activated erythrogenic reticulum 
may well account for the recurrence of megaloblasts. In Fig. 3 is further sho\vn 
one physiologically activated reticulum cell (middle arrow), its nucleus being 
morphologically identical with the nuclei of the normal erythrogenic reticulum 
shown in Fig. 4, A, top arrow. Also shown in Fig. 3 is a presumed quiescent 
(inactivated) lymphoid reticulum cell (top arrow) . Physiologic activation .of 
such a reserve cell presumably may occur as early as twenty-four hours (and 
probably as late as five days) following the administration or spontaneous 
elaboration of the liver principle. The development of normal erythrogenic 
reticulum (Fig. 4, A) and pronormoblasts (Fig. 4, B) seems to be dependent 
upon two factors: (1) the number of quiescent Ijmphoid reticulum cells wMch 
become physiologically activated and (2) the reversibility to normal of only 
slightly pathologically activated reticulum cells. It is thus obvious that the 
momentary physicochemical state of the reticulum is of the utmost importance 
in organotherapy and recovery of the bone marrow as a whole. 
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;-; 7 Aadispn-Biermer s disease (addlsonian pernicious anemia), late stage of early 
a sternal marro-w unit. Stained with hematoxylin and 
ictwated erj-throgcnlc reticulum. At the periphery, reticulum 
wer left arrow, intermediate erythrogenic reticulum. I^wer 
.ated erythrogenic reticulum. Note the normoblasts at the 


In Fig. 5 is shown part of a serial section of a gross marrow unit obtained 
forty-eight hours after the administration of specific therapy. The top arrow 
points to an erythrogenic reticulum showing the characteristic relapse pattern. 
The three cells in the process of mitosis at the periphery are believed to be 
reticulum cells rather than promegaloblasts. The lower left arrow points to- 
ward an intermediate erythrogenic reticulum and the lower right arrow identi- 
fies a small and assumed normal erythrogenic reticulum to which are attached 
pronormoblasts and normoblasts. 
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The arbitrary division of the crj-tlirogcnic reticulum into three functional 
states according to morphologic patterns seems to furnish a legitimate basis upon 
which the effect of Addison-Biermcr’s disease on the reticulum of the bone 
marrow organ and, by the same token, the effect of specific therapy may be 
studied. It is believed tliat ample morphologic evidence has been presented to 
propose that Addison-Biermcr's disease affects the reticulum and that the 
promegaloblast arises from a pathologically activated erythrogenic reticulum. 
Administration of the so-called antipernieioiis anemia principle does not only 
promote the development of the promegaloblast to a megaloeyte (macrocyte of 
other authors), but also acts speeifieally upon the reticulum. According to this 
concept, pronormoblasts (Pig. 4, B) can be proliferated only by an erythrogenic 
reticulum that is in cveiy respect physiologic. 

THE MOBPIIOLOHV OF THE J I VELOGE.N'IC BETiaULUJI IN BELAFSE 

The profound effect of Addison-Biermer’s disease on the myeloid cells 
has been thoroughly studied by Tempka and Braun.’” These investigators 
observed in the “Vollstadium” (relapse) i-arious degrees of morphologic altera- 
tions of the myeloblasts. Analysis of the descriptions given of the morphology' 
of the myeloblasts revealed that activated and free reticulum cells were included 
in this group of cells. Classification of free stem cells is dependent upon the 
knowledge of the morphology of the developing myelogenic reticulum. No 
reference is made by Tempka and Braun to the state of the reticulum. Jones'* 
and Sharp and associates'* noted pathologic alterations in tiic myeloid cells, but 
these investigators have omitted a detailed account of Bie structural pattern of 
the myelogenic reticulum. 

lu this series the activated my'clogenic reticulum has been foiuid to be easily 
distinguishable from the erytlirogenic retienlum because of its less intense 
affinity for basic dyes, its morphologic pattern, and its larger size. In Pig. 6,‘ A, 
is shoivn a eliaractcristio pathologically activated myelogenic reticulum. En- 
closed in this syncytium are several inactivated reticulum cells. The nuclei ■ 
and cytoplasm of the assumed quiescent lymphoid reticulum cells have a striking 
affinity for basic dyes. The round to oval reticular nuclei contain from one to 
several inconspicuous nucleoli. The narrow, not well-defined ej'tosome contains 
from few to many small red granules and occasionally a few vacuoles. The cyto- 
plasm varies in color from light to deep bine. The lower left arrow points to 
an inactivated reticulum and the right and upper right twin arrows point to 
various developmental stages of activated reticulum ceils. The nuclei of the 
activated my'elogenie reticulum may reach the size of the ery'throgenic reticulum. 
The chromatin is in the form of fine strands (sievelike), in contrast to the 
granular form characteristic of the nuclei of the erythrogenic reticulum. The 
nucleus may show from one to several light blue nucleoli. The latter are sharply 
outlined by compressed chromatin during the differentiation process toward 
the myeloblast stage. The cytoplasmic mass is less bluish than the common 
cytoplasm of the erythrogenic reticulum at the same developmental stage. The 
mdividual cytosome is, therefore, not very discernible. The tj-pe of myelogenic 
reticulum described seems to proliferate pathologic myeloblasts. An example 
of the latter cell type is shoivn in Pig. 6, B. 

In Pig 6 C is shown an intermediate myelogenic reticulum which charac- 
terized the late stage of early remission of Addison-Biermer’s disease. While 
‘his type of activated myeloid rcticiilnm is conspicuously reduced in size and 
apparently is also functionally improved, it still proliferates more or less 
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pathologic myeloblasts. For comparative purposes, a representative of the 
normal type of myeloblasts proliferated by remnants of, or newly physiologically 
activated, myelogenic reticulum is shown in Fig. 6, J). It is as yet little under- 
stood why the return to normal myelogenesis lags so conspicuously behind the 
readjustment of erythrogenesis and, again, why it recovers more slowly than 
megakaryocytogenesis after specific organotherapy has been instituted. This 
phenomenon has been observed b}’’ various investigators, but no feasible explana- 
tion has been made. The reason for this sequence of recovery may well rest 
upon the order of development of the three systems in fetal life. The delayed 
recovery of the myelogenic reticulum may aid in diagnosing the disease when 
specific therapy has obliterated the pathologic erythrogenic reticulum. 



Fig, 6. — Addison-Biermer’s disease (addlsonian pernicious anemia) in relapse. A, Sternal 
marrow unit imprint showing pathologically activated myelogenic reticulum. Ix>wer left 
arrow points to an inactivated and arrows at the right point at activated reticulum cells. 
B, Arrow identifies a pathologic myeloblast. <7, Late stage of early remission intermediate 
myelogenic reticulum. Top arrow, slightly pathologic reticulum nucleus. Twin arrow, ex- 
treme right, shows an early and late myeloblast. Lower arrow points at a giant metamyelocyte. 
Arrow at extreme left, a lymphoid reticulum cell. X>, At arrow, normal myeloblast. 


THE MORPHOLOGY OF THE MEGAKARYOCYTOGENIC RETICOLinU IN RELAPSE ■ 

Tempka and Braun=® and Jones'^* have observed various degrees of 
morphologic alterations in the megakarjmblast, promegakarimcj^te, and mega- 
karyocyte, respectively, although the status of the megakarjmcytogenic reticulum 
is not described. It must be pointed out that recognition of the megakaryocyto- 
genic reticulum is difficult because it is very small compared to the erythrogenic 
' and myelogenic reticulum. It consisted in this series of from one to two nuclei. 
Further, it appeared that the megakaryoblast becomes vexy easily detached from 
the common cytoplasm. It may be said that in general the nuclei of the mega- 
karyocytogenic reticulum stain more intensely than those of the myelogenic 
reticulum. The nuclei are also larger and the chromatin is more coarse and 
forms irregular masses. The parachromatin is distinct and light red. Nucleoli 
are difficult to make out because they are generally covered over by chromatin, 
are small in size, and have a deep blue hue. A nuclear membrane is not dis- 
cernible. The common cytosome is light blue and appears flecky. The nucleus 
accumulates a narrow cytosome when developing toward a megakaryoblast. The 
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cytosome of tlio latter is light blue and may coiitaiii a few reddish, granules. 
Synchronized with the foiroation of a cytosome, an area develops in the middle 
of the nucleus which shows affinity for either acid or basic dyes. This vacuole- 
likc structure varies in size in individual megakaiyoblasts. The central location 
of the structure suggests a metabolic unit and gives the nucleus a doughnut 
.appearance. In Fig. 7, A, the extreme left arrow points toward an activated 
reticulum nucleus. Its cytosorae is not well defined. The right arrow identifies 
a mcgakaryoblast tvith a doughnutlike nucleus. The cytosome is narrow and 
still attached to the common cytoplasmic mass. The development of a central 
area is not a unique phenomenon of the pathologic mcgakaryoblast because a 
morphologically identical structure develops in normal megakaryoblaats also. 
An example of the latter is shorni in Fig. 7, B. 



^•”~-AddIson-BJcrmer's <I 
^ imprint ehowins a . 
obw' Jeft, an activated ■ 

B, MesakaryobJast from ; 


, •— »-» — 3 anemJo) In relapse. A, Sternal 
cakaryocytoffenlc reticulum. At 
• t arrow a pathologic megakary- 

marrow. 


DISCUSSION 

It is the opinion of the majority of clinical investigators that Addison- 
^iermer’s disease (addisonian pei'nieious anemia) is a deficiency disease. It is 
presumed that there is an absence of the intrinsic factor of Castle, although ^ 
others believe that (a) the gastric principle is not absent hut deficient qualita- 
‘‘rely or quantitatively, or both, (b) that the intrinsic factor may be present in 
sormal amounts but lack of an extrinsic substance causes a defective production 
"I the gastric factor, and finally (c) that the gastric factor may not be absorbed 
hy the intestines, "Whichever theory will become an actuality , the fact remains 
that the reticulum is affected by the pathologic physiology underlying this 
hereditary and complc-x clinical entity. 

In my collection of over 7,000 bone marrow preparations obtained during 
kfe and covering a largo range of Iiemopathologic states, I bave not observed 
“otphologic alterations of the reticulum of the character described in this paper 
diseases other than Addison-Biermcr’s disease and its biologic variables. On 
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the basis of the 495 marrow specimens obtained for this study, I favor the liy- 
potheses (a) that the administration of specific therapy promotes the maturation 
process of the promegaloblast, (b) that the proliferation of the pi’omegaloblast 
is inhibited by the elimination of the mechanism responsible for the pathologic 
activation of reticulum, (c) that specific therapy eliminates the promegaloblast 
bj”" improving the metabolism of slightly diseased I’cticulum, and finally (d) that 
quiescent reticulum cells again are physiologically activated. It is presumed 
that these supposed actions of the liver principle are demonstrated bj' the 
changes in morphologj' of the eiythro-, mj'elo-, and megakarjmeytogenic reticu- 
lum cells. Nevertheless, the fact cannot be overlooked that any rationalization 
based upon morphologic patterns may suggest, but not necessarily represent, 
an actual biologic truth. The observation of Watson and associates that proto- 
porphyrin values in Addison-Biermer’s disease prior to ti-eatmcnt are low, in- 
crease slowly following liver therapjq and reach the highest level some time after 
the reticulocyte peak, and the presumption of these investigators “that the first 
mass of reticulocytes appearing after liver therapy may be derived from 
megaloblasts and may not contain as much porphyrin as those derived from 
normoblasts” appears to verify the morphologic data presented here. And 
again the type of erythroblast present in the early and late stage of early re- 
mission where the greater number of erythroblasts is made up of “normoblast- 
like” megaloblasts and of more or less malformed erythroblasts rather than 
physiologic normoblasts supports the deductions of Watson and associates. 
Physiologic erythroblasts when present wore not prominent in the relapse and 
early remission phase in this series of cases. Thus it may be stated that the 
morphology of the reticulum reflects altered physicochemical states. Thus the 
hypothesis may be advanced that a “functionally altered reticulum is the sequela 
of a disturbance between the bone marroAv reticulum and the substances and 
organs controlling its phj’’siologic state.” The in.iury to the reticulum by the 
disease process and the reversibility of the reticulum lesion may be adduced by 
means of morphologic evidence, although the final evaluation of the damage must 
await recovery of the bone marrow organ from the effects of the disease. 

It is noteworthy that not all of the reticulum becomes diseased. It was ob- 
served that quiescent and apparently healthy reticulum cells were situated 
next to pathologically activated ones. This unaffected reticulum is apparently 
the reserve tissue upon which, in final analysis, tlie bone marrow organ recon- ' 
struets itself. Thus it may be presumed that, if a certain quantity of reticulum 
is destroyed by the disease process, the most likely sequela is a permanent hypo- 
plastic state of the bone marrow organ. Furthermore, successive attacks and 
various tjqjes of senile changes within the organ will be a deciding factor re- 
garding, revitalization of the organ to a state where the cellular output meets 
physiologic values. It is believed that this statement is supported by the ob- 
servation that, in spite of adequate and various therapeutic measures and ab- 
sence of complications kno-vvn to interfere with the recovery of the marrow or- 
gan, the peripheral erjdhrocyte quantities may remain between 3.0 and 4.0 
millions per cubic millimeter. As a matter of fact, eleven subjects in this series 
have leveled out at and between these erjdhrocyte quantities. There is reason 
to believe that these erythrocyte levels represent the normal productivity of the 
respective bone marrow organ. In other words, re-establishment of physiologic 
hematopoiesis is dependent upon (a) the constitution of the bone marrow organ, 
(b) the degree of injury to the reticulum by a single or repeated attack of the 
disease, (c) the ability of slightly pathologically activated and quiescent healthy 
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reticulum cells to respond to tlie instituted orgauotlierapy or to the mechanism 
of spontaneous remission. The study of the reticulum of the bone marrow or- 
gan affected by Addison-Biemcr’s disease has suggested that the common de- 
nominator for the characteristic eiythro-, myelo-, and megakaryocytogenesis is 
not the exprossioh of a maturation arrest of normal stem cells but is the product 
of a diseased retienliim. 

The view presented in this paper concerning the attack of Addison-Biermer’s 
disease on the bone marrow reticulum supports the statement of Bohr’* that 
"die Verhaltnissc wcsentlieh icomplizierter licgcn als bisher allgemcin angenom- 
men wurde” and the opinion of Naegcli’' that "dcr Perniciosa eine ganz charak- 
feristische, .ciuhcitlichc ttnd seharf aasgepriigte Punlrtionsstorung dcs Knoehen- 
warkes zugnmde licgt.” 

SUM M AHA’ 

1. The morphology of the aetiA'atod crythrogenic reticulum cell with ref- 
erence to tlie myelogenic and megakaiyocytogcnie reticulum cells of tlie sternal 
part of the hone marrow organ in uncomplicated Addison-Bierroer’s disease 
(addisonian pcmicious anemia) in relapse and early remission is presented. 

2. One hundred two patients served as subjects. Pour hundred ninety- 
Sve bone marrow’ specimens were obtained bj' means of the sternal aspiration 
method. Imprints of the gross marrow units rvere made and stained according 
to procedures described in this paper. 

3. Sternal marrow was obtained before and after tw’cnty-four, thirty-si.A, 
forty-eight, and scvcuty-tw’o iiours following the administration of speeliie 
therapy. Those patients wlio sliowcd an intermediate reticulum pattern on 
admission were used for control purposes, and sternal marrow w'os obtained at 
the peak of the reticuloeytosis only. 

4. Morphologic evidence is presented winch appears to favor the hypothe- 
sis that the disease affects the reticulum and that the latter is pathologically 
activated. 

5. The morphology of the diseased reticulum in relapse and early remission 
and of the normal retieulnm is siiflieiently constant to pemut an arbitraiy 
division of the structural pattern of the crythrogenic as well as the myelogenic 
and megakarj'oeytogenie reticulum for the purpose of orientation regarding 
the effect of the disease and specific thei’apy on the reticulum. 

6. The study of the reticulum suggested that rc-estabhshment of normal 
hematopoiesis is dependent upon tlie reversibility of the reticulum lesion, the 
degree of ph,vsiologic activation, and the reproducing capacity of the newly 

activated reticulum. 

I. The common denominator for the pathologic crj'tliro-, myelo-, and 
mcgakai’j’ocytogencsis which characterizes the marrow’ morphology in Addison- 
biermer’s disease {addisonian pernicious anemia) in relapse is a diseased 

8. Under specific therapy or spontaneous i-emission the diseased retieulnm 
•weras to become depleted and thus proliferation of pathologic stem cells ceases, 
fhe maturation process of the promegaloblast is apparently promoted, however, 
'5^’doping into a "normoblast-like” crj-throblast rather than true normoblast. 

9. The dose relationship between the reticulum and the so-called stem cells, 
‘hat is, the eiytlirobhest, myeloblast, and mcgakarj-oblast, is reemphasized by 
showing that these cells retain structural patterns morphologically identical 

those of the respective activated reticulum, ^ i 
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10. It is pointed out that in a large collection of bone marrow specimens 
obtained during life covering an extensive range of bemopathologic states, 
morphologically altered reticulum of the character described in this paper haS 
not been observ'ed in diseases other than Addison-Biermer’s disease. , It is sug- 
gested that biologic variations of this hereditarj-- and complex disease may oc- 
cur. These genetically related clinical entities may be readily recognized by the 
morphology of the erythrogenic and/or the myelogenic and raegakaryoeytogenic 
reticulum as seen by the imprint method. 

I wish to thank Dr. D. E. Fahr, Head of the Department of Internal Medicine, Minne- 
apolis General hospital, for his interest in the investigation reported here. The photomicro- 
graphs were made by Mr. H. W. Morris, campus photographer. University of Minnesota. 
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THE CHOLERETIC ACTION OF THE ALLYL ESTER OF 
CINCHOPHEN (ATOQUIKOL) 

Eldon M, Boyd, M.A., MD , CAl.. K. L. Clark, M.D., C.M., and 
R. G. Elliott, M.D., C.il. 

Kingston, Can.vda 

C INCHOPHEN has been demonstrated to have choleretic properties in man 
and dogs but probably not in rabbits. This information has been avail- 
able for some time but attention has been directed to it in recent years, especially 
the work of Xvy and his associates, of Northwestern University, who have 
reviewed the earlier literature pertaining to the subject. In the work to be 
described, it was found that in unanestbetized dogs with chronic biliary fistula, 
the allyl ester of phcnylcinchoninic acid> commonly known under the trade 
name of Atoqninol, has choleretic properties which are qualitatively similar 
to those of ciuchophen and quantitatively slightly different from, them. Ato* 
qmnol was introduced into medical practice shortly after World War I under 
the name of Preparation 155G, or Atochinol.® There have been many favorable 
reports upon its therapeutic value in tbe treatment of gout and arthritic con- 
ditiona.^” Gerbergas of Kaunas, Lithuania, working at the University of 
Geneva,* described atoquinol as “un medicament dune tres grande impor- 
taace.” 

The technique used for collecting hepatic bile was analagous to that of 
German and co-worhers,® with fifteen dogs, weighing between 10 and 20 kilo- 
Panis, prepared after the manner described by Rous and ItoMaster.’" The 
animals we're given a full diet, rich in vitamins, and were exereiEcd daily jn 
fresh air about the lawns of the university campus. Hepatic bile was removed, 
measured, and analyzed daily. Atoquiuol and ciuchophen were given m a 
fce of 0.1 6m. per kilogram of body weight orally as tablets impregnated in- 
fo pieces of meat which the dogs readily swallowed. Because of the tendeney 
‘n recent years to assume that drugs either augment the output of hepatic bile 
of Ponaal composition .(choleretics) or simply increase the water content 
(>>yaroclioieretics), it was decided to study as many properties of hepatic hde 
os possible. These studies are described herewith. It was found that both 
ntoqumol and einchophen, while augmenting the volume output of ^opatie 
kiic. had Uttle effect upon the concentration of most ingredients investigated, 
a few instances concentrations or other properties were either increased 

the Department ol pharmacolosy, Queen'a UnlversItTs 
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or decreased. These results indicate that a simple classification into choleretics 
and hydrocholeretics does not tell the entire story. 

The properties of dog hepatic bile before the administration of atoquinol 
or cinehophen, which might be termed normal or control hepatic bile, have 
been summarized in Table I. Following the administration of atoquinol or 
cinehophen, sis of these properties ■were altered, the change usually occurring 
on the first, sometimes the second, day after giving the drug, and by the third 
day the alterations had returned to, or -were returning toward, normal or con- 
trol levels. In the instance of all properties, there was a change in the mean 
value after administration of the drugs, but' in only six instances were these 
changes statistically significant. In some cases, the percentage change in the 
mean was not marked but was statistically significant, while in other cases the 
peijeentage change in the mean was considerably greater but the change was not 
statistically significant. It was therefore decided not to include the mean 
changes after administration of the drugs listed in Table I but rather simply 
to indicate if there was a significant change and, if so, what, and to describe 
the changes quantitatively in the text. The value of tables, charts, diagrams, 
etc., is to give the reader a quick, correct picture of what was found experi- 
mentally, and hence it is inadvisable to include changes in the mean which are 
not significant, as this gives an erroneous impression which has to be corrected 
by laborio-usly reading through the text. 

Table I.— Output, Properties, and Composition of Normal, Hepatic Bile Collected 
From Healthy, Hnanesthetized, Dogs 'With Chronic Biliary Fistula and 
Effect of Oral Administration op 0.1 Gr. per Kilogram op Body Weight 
OF Atoquinol and Cinchophen 


ESTIMATION 

"UNIT 

NORMAL 
(MEAN ± 

VALUE 

S. D.) 

EFFECT OP atoquinol 

and cinchophen 

Twenty-four hour volume Ml. per kilo 

7.4 


2.8 

Significantly increased 

Specific gravity 

Gm, per ml. 

1.0056 ± 

0.0030 

Significantly increased 

Relative viscosity 

Distilled HjO^l 

1.322 

+ 

0.337 

Significantly decreased 

Total solids 

Gra. per 100 ml. 

3.093 


0.124 

Significantly increased 

Sodium 

Mg. per 100 ml. 

350 

+ 

93 

No significant change 

Chloride 

Mg. per 100 ml. 

436 

±113 

No significant change 

Potassium 

Mg. per 100 ml. 

34.8 

+ 

7.0 

Significantly increased 

Inorganic pliospliate 

Mg. per 100 nil. 

20.0 

+ 

11.9 

Significantly increased 

Total fatty acids 

Mg. per 100 ml. 

317 

±223 

No significant change 

Total cholesterol 

Mg. per 100 ml. 

52 

+ 

27 

No significant change 

Ester cholesterol 

Mg. per 100 ml. 

33 

+ 

25 

No significant change 

Free cholesterol 

hig. per 100 ml. 

19 

± 

10 

No significant change 

Bilirubin 

Mg. per 100 ml. 

38 

+ 

30 

No .significant change' 

Bile acids 

6m. per 100 ml. 

2.54 

+ 

0.78 

No significant change 


The Uventy-^our hour output of hepatic bile before administering the drugs 
averaged 7.4 c.c. per kilogram body weight, a value lower than that occurring 
in man but comparable to that reported in dogs by other investigators. In 
over 90 per cent of experiments, the administration of atoquinol augmented 
the volume output of bile, the increase during the first day after the drug 
averaging 84 per cent, the second day 58 per cent and the third day 8 per cent. 
In all experiments, the giving of cinehophen increased the volume output of 
hepatic bile, the corresponding figures for the three days being 76, 133, and 
27 per cent. 

The specific gravity of bile was increased in approximately 95 per cent of 
experiments foUoinng the ingestion of atoquinol and in approximately 80 per 
cent following cinchophen. The actual percentage increases in specific gravity 
■weie, of necessity, small. The first day after atoquinol, the mean percentage 
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increase was 0.26 per cent, the second day 0,40 per cent, and the third day 
0.15 per cent. The corresponding figures following oinehoplien were 0,09, 
0.46, and 0.25 per cent, respectively. 

The rcfutiVc viscosHy, as measured with the OstwaW viscosity pipette, was 
lowered in from 85 to 90 per cent of experitnents on the first, second, and third 
days following the administration of atoqnino!, the mean percentage decreases 
Wing 6,6, 7.4, and 6.2 per cent, respectively. Tim relative viscosity was not 
significantly affected the first day after giving cinchophen, hut on the second 
and third days it was lowered in 75 per cent of experiments, flic mean decrease 
being small, 3.9 and 0.4 per cent, respectively. 

Total solids tvere measured hy drying aiinuots of hepatic bile at 90° C. 
for 100 hours. The first day after giving the drugs, there was a significant 
increase in the total solids, an jnercasc which occurred in .some 75 per cent of 
experiments and which averaged 13 per cent following atoquinol and 7.8 per 
eent following einehophen. On the second and third days, ehangas in the 
value for total .solids were not significant following cither of the two drugs. 

Of the various solids measured, statistically significant changes were found 
only in the values for potassium and inorganic phosphate, both of which were 
increased, suggesting that atoquinot and cinchophen have an especial tendency 
to augment the output of potassium phosphate in bile. On the other band, there 
was no significant decrease in the output or eoneentration of any of the other 
solids determined, to be descvihcd later, so that since the twenty-four hour 
volume wa.s increased, there was actually an increase in the twenty-fonr hour 
output of all of these solid.s. 

The sodium content of hepatic bile was determined after the method of 
Hoffman and Osgood.* The control value was 350 mg, per 100 e.c. of hile, and 
neither the administration of atoquinol nor of cinchophen significantly affected 
the mean concentration of hepatic bile sodium. 

The chloride content of dog hepatic bile could not be shown to be affected 
in a statistically significant manner by the administration of atogninol or 
einehophen, althongh the mean values were slightly increased. Chloride was 
estimated by .the method of Van Slyke'* and the control concentration was 436 

per 100 C.C., with a standard deviation of 113. 

The potassittiii content was determined after the method of Hoffman,' and a 
statistically significant increase could he shown to occur after the use of both 
atoquinol and einehophen, the increase being more marked following eincho- 
phen. After atoquinol, the mean percentage increase in hepatic hile potassium 
was 6,3 per cent on the first day, 10.0 on the second day and 11.8 on the third 
day. The corresponding values after cinchophen were, respectively, 1T.7, 33.1, 

, and 1.3 per cent. 

Inorganic phosphates were estimated by an adaptation of the familiar Bell- 
Hoisy technigne to measurement in a photelometer. Both atequinol and eincho- 
phen produced statistically significant increases in the concentration of hepatic 
hile inorgauie phosphate on the first and second days after administration but 
’’ot on the third day, Following atoquinol, the mean percentage increase on 
ihe first day was 12*6 per cent and on the second day 6.8 per cent; follomng 
einehophen, the percentage changes were considerably greater and averaged 
d4.3 per cent the first day and 40.9 per cent the second day. An increase in 
inorganic phosphates was found in between 70 and 80 per cent of experiments 
iollowing atoquinol and between 80 and 90 per cent following einehophen. 
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The total fatty acid content of dog hepatic bile was not affected in a sta- 
tistically significant manner by the administration of either atoquinol or cincho- 
phen. Total fatty acids were estimated after the oxidative method as modified 
by Boyd.'* The normal mean was 317 mg. per 100 c.c., with considerable fluc- 
tuation in the individual values which was reflected in the high standard de- 
viation as seen in Table I. On the average, atoquinol caused a slight decline 
in the concentration of total fatty acids and einchophen a slight increase, but 
the changes were not marked nor constant and were statistically insignificant. 

Total cholesterol, ester cholesterol, and free cholesterol were determined by 
oxidative micromethods as described by Boyd.* The values for^ normal dog 
hepatic bile, listed in Table I, are lower than those reported by investigators 
using colorimetric methods for cholesterol because, as is, well known, cholesterol 
estimated in body fluids or tissues by the oxidative technique yields values 
which average from one-third to one-half lower than those recorded by the 
colorimetric methods. The administration of atoquinol or einchophen had no 
consistent or significant effect upon the concentration of hepatic bile cholesterol. 

Bilmthm was measured after the method of Thannhauser and Anderson.*" 
Normal hepatic bile contained an average of 38 mg. per 100 c.c. of bilirubin 
and tliis mean was not significantly affected by the administration of atoquinol 
or einchophen. 

The hile acid content, measured with the photeloraeter and a quantitative 
test based upon the familiar Mjdius-Pettenkofer reaction, had a normal average 
value of 2.54 Gm. per 100 c.c. and a standard deviation of 0.78. Neither ato- 
quinol nor einchophen significantly affected the bile acid content of dog hepatic 
bile. 

SUMMARY 

Atoquinol and einchophen were given by mouth in a dose of 0.1 6m'. per 
kilogram of body weight to fifteen unanesthetized dogs with chronic biliary 
fistula, hepatic bile being collected and analyzed daily. 

Atoquinol and einchophen had a choleretic effect which was present for 
two days and was declining upon the third day. 

There was little quantitive difference between the effects of the two drugs. 
Both increased the twenty-four hour volume output of hepatic bile, increased 
its specific gravity slightly but consistently and caused a decrease in its rela- 
tive viscosity, an increase in the concentration of its total solids, an increase 
in its potassium content, an increase in its inorganic phosphate content, and 
no change in the concentration of sodium, chloride, total fatty acids, total 
cholesterol, ester cholesterol, free cholesterol, bilirubin, and bile acids. 
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ANTICONVULSANT EFFECTS OF STEKOIDS 


E. Spiegel and H. Wvcis 
Philadelphia, Pa. 


I T IS kaown that some steroids arc able to influence cellular perraeabiUty as 
demonstrated by the obsen'ation of Tiptoifl that eortin depresses the release 
of potassium from stimulated muscles. Since cellular perraeability in the central 
nen-ous system is an important factor in determining eoin-ulsive reactivity 
(Spiegel and Spiegcl-Adolf^), it seemed of interest to study whether some 
sterols may have anticonvulsant properties. Such an expectation was sup- 
ported hy Selye’s® observations of hypnotic effects. Preliminary e.xperiments 
of Spiegel* demonstrated that desoxycorticosterone, testosterone, and proges- 
terone are able to raise the threshold for electrically induced convulsions, and 
e-tperienccs of McQuarric, Anderson, and Ziegler® with desoxycorticosterone 
on two patients with epilepsy seemed to point to a similar direction. In 
Spiegel's* experiments a margin between anticonvulsant and hj’pnotic dose could 
hardly be established. It seemed, therefore, desirable to extend these studies to 
a larger group of steroids, in the hope of finding compounds "with a definite 
®orgin between these doses. 

Similarly, as in Spiegel's* previous experiments, the effect upon the thres- 
hold for production of convulsions by electric stimulation was determined. This 
method permits one to ascertain the effect of anticonvulsant agents more un- 
equivocally than the study of antagonistic effects against convulsant drugs such 
os metrazol (Selye') or cocaine (Aird’), since such an antagonism may be due, 
at least partly, to other factors such as decrease of absorption or of pei’meability 
of the cerebral capillaries. The existence of such mechanisms is indicated by 
the fact that Aird found a protective influence of desoxycorticosterone acetate 
against cocaine convulsions in doses that are unable to alter the threshold of 
the brain for production of convulsions bj'' electric stimulation. 

^V e were able to study twenty-nine steroids.* 

'»' Dvpxrlmcnt of Eiperlmental Neoroliey, Temple University Seboel of Medl- 
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METHOD 

Definite anticonvulsant effects were observed by Spiegel* on white female 
rats. These animals were also employed in Selye’s^ studies of hypnotic effects. 
In this study, therefore, we used almost exclusively white female rats of from 
100 to 150 grams body weight (over 200 animals). Since male rats were resist- 
ant even to quantities far beyond the doses effective in female rats and our 
supply of steroids was limited, we tested these compounds in male rats only 
occasionally. 

The comnilsion threshold was determined by using the previously described 
method of electrical stimulation with the skull intact (SpiegeP). The alternat- 
ing current from the 110-volt, 60-cycle line is reduced by a Variac transformer 
to the desired voltage (usuall 3 ’^ 10 volts). After leaving the transformer the 
alternating current is closed and opened by a relaj’’, the magnet of which is 
activated bj’^ the discharge of condensers (from 1 to 20 /x F). Since the duration 
of the activation of the magnet is proportional to the capacity of the condenser, 
the resistance of the relay eircuit being constant, the duration of the stimula- 
tion can be varied. The electrodes are placed in the conjunctival sacs. At a 
certain voltage the duration of the stimulation is increased, step bj^ step, until 
typical tonic-clonic epileptiform convulsions are elicited. The threshold values 
are calculated in milliampere seconds since the voltage and the duration of the 
stimulation are known, and the resistance can be determined on a Wheatstone 
bridge, the electrodes remaining on the same place as during the stimulation. 

I 



Fig, 1. — Rat board and head holder. Note electrode in right conjunctival sac. 

The fixation of the head, cipplicution of the stiniula.tiiig electrodes to the eye- 
balls, and observation of the comuilsions were facilitated by the use of an 
especially designed head holder (Fig. 1) that fastens the snout, leaving the rest 
of the head and the eyeballs free. In rats it Avas of course neeessarj'’ to apply 
much smaller electrodes than in rabbits or cats. The electrodes used Avere 
slightly concave silver disks Avith a diameter of 5 mm., Avhich Avere fitted over 
the eyeballs. They Avere held in the conjunctival sacs by small clamps that 
kept the lids tightly together. With these electrodes the resistance in the circuit 
usually Avas between 700 and 1200 ohms. As a rule, at 10 volts a flow of the 
current from 0.1 to 0.7 seconds suflSced in untreated animals for production of 
convulsions. 
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In all experiments the threshold was determined in milliampere seconds, and 
the tj'pe (extent, localization) and dnration of the convulsions were recorded. 
In order to ascertain the variability of the threshold, at least three tests were 
made preceding the injection at intcr\'als of from two to three days, and only 
such animals were used for the injection in which the threshold varied by no 
more than 30 per cent. The substance under study was applied, as a rule in 
oily solution,' by intraperitoneal injection ; occasionally, intramuscular injection 
of solutions in propylene glj'col w-ns used. The convulsion threshold was then 
determined from one-half to one hour following the injection. The ratio A/B 
of the convulsion threshold after injection (A) to the average before injection 
(B) served as a me«'isure of the anticonmlsant effect. 

RESULTS 

A substance was considered ineffective, if the ratio A/B was from 1.0 
to 1.3 and only slightly effective if this ratio was smaller than 1.5; it was 
considered anticonvulsantf if this ratio was above 1.5, Applying these criteria, 
the'substances were divided into two groups. In Table I are summarized those 
^rhich were ineffective or only slightly effective even in relatively large doses. 


Table I. ConrouNDS Wmi No, or Oviv SfJcnr, Anticonvulsant Effect* 


coifrouNP 

Cliolesterol (30 mg. per cubic ccatimetcr olive oil 
injected in rabbits) 

A lochoJesterol <St) 

ClioJesteryl bromide (St) 

Spicholestanol (St) 
oiigmaaterol <St) 

Stigmasteryl acetate (St) 

5;8pmasteryl acetate (St) 

Ergosterol (St) 

E^osleryl acetate (St) 

«'Brgostenyl acetate (St) 

J^eoydrocholic acid (St) 
l^MOxycholic acid (St) 

^’•3-Acetoxycholeiuc acid (St) 

^'»rsasapogenin acetate (K) 

•rseudo-sarsasapogenin acetate (K) 

yiosgenin acetate (K) 
t seudo-dio^genin acetate (K) 

benzoate (Progymon B; H8) 

1.66 mg. per* cubic centimeter sesame oil (30,000 rat) 

. 'ioits) i 

^ wg, per cubic centimeter (30,000 rat units) 
in oil (K) 1 c.c. = 10,000 LU, 

® {*) Acetoxy-progesterone (E) 10 rag. per cubic centi- 
meter; amorphous modification 
*t«o-cholan.3fl-oM7-ono acetate (K) 

®'l*regnen*38-ol-20-one acetate (K) 


16-Pjegaaj3;^;2.3P.o2.2<?.one acetate (K) 


StiJbesterol 13 mg. per cubic centimeter olive oil 
. — 20 mg. per cubic centimeter olive oil 


DOSE IN MO. 

PER 100 oar. 

BOOT WEIGUT 

I CONVULSION 
THKESSOLD 

I AFTER (A): 

BEFORE (B) 
INJECTION 

18 to 21 (S to 5 0.5 to 1,3 

daily injections) • 

20 and 50 

1 

20 and 50 

1 

50 

1 

20 and 50 

1 

20 and 50 

1 

20 and 50 

. 1 

20 and 40 

1 

20 and 50 

1 

50 

1 

50 

1 

20 

1 

50 

1 

50 

0.7 to 3.2 

20 and 50 

1 

20 

1 

50 

1.2 

20 and 50 

1 

20 and 50 

1 

no, 000 rat units 2.3 

{20,000 rat units 1.1 • 

4-8 mg. 

1 

10,000 and 

1.3 

20,000 I.U. 


5 and 10 

1 

20 

1 to 1.1 

20 and 40 

1 

50 

1.0 to 1.6 

20 

1 

30 

1.3 

50 

1.4 

15 

1 

20 

1.0 to 1.3 

30 

1 

10 

0.9 to 1.1 

20 

0.7 to 1.0 

30 

1 


.. not olhen\-lse indicated, all substances were dissolved In olive oil. 20 mff. per cubic 
and InSted IntrSeritoneally mwWte female mts The source of the material la 
Sl^^ed aa follows; St, Dr. H. E. Stavely; S, Vr. O. Kamm, H8, Dr. E. Kenaerson and Dr. E. 
‘»«nwcnk; s. Dr. M. Ehrenstein. 
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In Table II are shown the steroids with a definite anticonvulsant effect mani- 
fested by an increase of A/B above 1.5 and/or by a decrease of the duration of 
the convulsions, the reaction being reduced in some instances (for, example, after 
injections of progesterone) to single twitches. In Table I cholesterol also is 
included. We have already found in previous studies® that injection or feeding 
of this compound fails to raise the convulsion threshold. Likewise in Table I 
are included compounds similar to cholesterol such as allocholesterol, cholesteryl 
bromide, epicholestanol, phytosterols (stigmasterol, stigmasteryl acetate, a-spin- 
asterjd-acetate) and mycosterols (ergosterol, ergosteryl acetate, a-ergostenyl 
aeetate), further bile acids, and derivatives (dehydrocholic acid, desoxycholic 
acid, A“-3-acetoxy-cholenic acid), and digitalis sapogenins (sarsasapogenin 
acetate, pseudo-sarsasapogenin acetate, diosgenin acetate, pseudo-diosgenin ace- 
tate). We included in Table I some steroids with hormonal properties and 


Table II. Compounds With Definite Anticonvulsant Effect 



V 

CONVULSION THRESHOLD 


BOSE IN MQ. 

after injection (a) : 


pee 100 GM. 

THRESHOLD BEFORE 

COMPOUND 1 

BODY "VrEIGHT 

INJECTION (B) 


17 1 to 1.2 

18 1.5 


19 1 to 2 

21 1.7 only very mild convul- 

Biona 


Testosterone (25 mg. per cubic centimeter ’ 
sesame oil, HS) 

Thirteen animals tested 


Androstenedione (20 mg. per cubic centimeter 
olive oil, HS, St) 

Twenty-seven animals tested 


Dehydroandrosterone (20 mg, per cubic centi- 
meter olive oil, HS, St) 

Thirteen animals tested 


Progesterone (12 mg. per cubic centimeter 
sesame oil, HS) 

Ten animals tested 


Acetoxypregnenolone (4 and 5 mg. per cubic 
centimeter sesame oil,* (HS) 

Thirty-five animals tested 

Desoxycorticosterone acetate (5 mg. per cubic 
centimeter cod-liver oil, HS) 

Eight animals tested 


(15 mg. per cubic centimeter sesame oil, HS) 
Eleven animals tested 


(15 mg. per cubic centimeter in male rats) 
Five animals tested 
(Weight, from 200 to 300 Gm.) 

' (Weight, from 150 to 170 Gm.) 


25 2 


26 

1.7 in large animal 
Gm.) 

(169 

5 

1.2 to 1.5 


7 

1.5 to >2.0 


8 

>2 


10 

1.0 to 3.0 


11 

>3 


12 

3 to >4 


15 

2 to >4 


20 

3 


8 

1.1 to 2.5 


10 

1.8 to 2.5 


15 

2.4 


20 

1.6 to 3.0 


30 

1.6 to 4.0 


40 

2.4 


5 

1.0 


6.5 

Ratio could not be 

de- 


termined exactly because 
only rudimentary twitch- 
ings were elicited 


8 

Same 

2.0 and 2.5 

1.0 

3 

1.0 to 1.7 . 

4 

2.1 to 3.7 

8 

2.0 to 3.0 

20 

1 

23 

1.2 

25 

1 to 2.0, 

27 and 28 

>1.5; marked reduction of 
duration of convulsions 

1 to 2 

1.0 to 1.2 

2.5 

1.7 

3.2 

1.2 marked reduction of 
duration 

4.3 

Hnexcitable 

5 

2.0 (duration reduced)' 

8 to 40 

0.6 to 1 

35 to 48 

No definite convulsions ' 


(current produced only 
brief single twitches) 


•Four mllllBrams per cubic cenUmeter prepared by us and 6 mg. per cubic centimeter 
prepared by Scherlng Corporation. 


/ 
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parent substances or derivatives that had no, or only a small, anticonvulsant 
effect in the doses at our disposal. This ^oup comprises estrogenic hormones 
(a-estradiol benzoate, theelin), the amorphous modification oi 6(a) acetoxy- 
progesterone, etiocholan-3^-ol-17-one acetate, 5-pregnen-3^-ol-20-one acetate, 
and 5, l6-pregnadieu-3jff-ol.20-Qnc acetate. Finally, in Table I is contained 
fitilbcstrol that ehemically docs not belong in this group, but has foUiculoid 
effects. 

The steroids that manifested definite anticonvulsant effects as summarized 
in Table II belong to the groups of sex hormones and adrenal substances. It 
should be emphasized that as a rule anticonvulsant effects could be obtained 
with much smaller amounts, if high concentration rather than low concentra- 
tions of a compound were injected; for example, anticonvulsant effects were 
obtained with desoxycorticostcronc acetate in a solution of low concentration 
(5 mg. per cubic centimeter) only if doses above 23 mg. per 100 6m. body 
weight were injected, w’hilc from 2.5 to 3.2 mg. per 100 Gm. sufficed if a more 
concentrated solution (15 mg. per cubic centimeter) was used, apparently be- 
cause an efficient blood concentration was more easil}' reached in the latter case.* 
A further factor is the size (age) of the animal. In general, in rats w’cighing 
100 Qm. or less, smaller relative doses (per 100 Gm. body weight) were sufficient 
to obtain'an anticonvulsant effect than in rats weighing 150 Gm, or above. The 
sexual factor has already been mentioned. It is illustrated by the experiments 
with desoxycorticosterone acetate. In doses from 8 to 40 mg. per 100 Gm., this 
compound in concentrated solution produced in male rats W'cighing from 200 
to 300 Gm, no change or even a slight increase of the convulsive reactivity ; in 
Bmaller animals weighing from 150 to 170 Gm., a reduction of the reactivity 
was obtained with doses of from 35 to 48 mg. ; this is about ten times the dose 
that was sufficient in female rats for such an effect. 

In estimating the efficiency of an anticonvulsant substance, it seems desir- 
able not only to determine its effect upon the convulsion threshold, but also 
npon the margin betw'een anticonmdsant effect on the one hand and hypnotic 
effect on the other. In Table III these mar^ns are shown for the steroids that 
we found to be distinctly anticonvulsant In determining the minimum hypnotic 
signs of depression of the activity of the central nervous system were looked 
for, such as reduction of spontaneous movements, ataxia, impairment of the 
I'ighting reflexes, and reduction of the reactions to painful stimuli. 


Table III. MAnoiu Between Minimuji 

Anticonvulsant and 

> Hypnotic Effect 


MINIMUM 

1 LIINIMUM 


ANneONVULS-Mn* 

nYPNOTIG 


DOSE 

1 DOSE 

COMPOUND 

(MO.) 

! (MG.) 

Testosterone 

18 to 19 

IS to 19 


Androstenediono 
Dehydroandrosterotto 
Progesterone 
Acetoxypregnenolono 
Deso.tycorticosterono acetate 

5 mg. per cubic centimeter 
15 mg, per cubic centimeter 


7 to 10 

8 to 10 
6.5 

3 to 4 

25 to 26 
2.5 to 3 


12 to 15 
6.5 

4 to 5 

25 to 26 
2.5 to 3 


If onSj. {hftkfni; the susrf^nsJons for several hours, or even 

for Ca- sItchUr- Cfently heatlnc on a water bath reauUed 

In mut nc Instances, for example, ccetoxyprcffnenojone, to 

Impair • . . mder study. In such a case the steroid was dla- 

*oIved , « eolutlon was mixed with the oil and the chloro- 
form c • f several days In a vacuum nt room temperature. 

In con ■ mixtures, without the steroid under study, were 

kept u cuum* Intraperltoncal Injections of corresponding 

■ .effective. 
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It can be seeii from Table III that the anticommlsant dose lies rather close 
to, or is identical with, the hypnotic dose for testosterone, progesterone, and 
desoxycorticosterone acetate, while a definite margin between these doses exists 
for androstenedione, dehydroandrosterone, and acetoxypregnenolone. 

Regarding the chemical structure of those compounds that revealed definite 
anticonvulsant effects, we deal with tetracyclic derivatives of cyclopentenophe- 
nanthrene (see Sobotka^®), having only one double bond in the first ring except 
dehydroandrosterone and acetoxypregnenolone, which are unsaturated in the 
5, 6 position (see below). At positions 10 and 13 all have angular methyl 
groups; at Cj all are oxygenated, except acetoxypregnenolone and dehydroan- 
drosterone, which are here hydroxylated. The only other side chain is at position 
17; here are found most of the differences, testosterone having an OH group, 
androstenedione and dehydroandrostex’one, an 0; progesterone, a CO-CHg; 



Progesterone Testosterone Desoxycorticosterone 

acetate 




CO.CHiO 



acetoxypregnenolone and desoxycorticosterone acetate, CO.CH 2 O acetate. A 
comparison between testosterone and androstenedione seems to indicate that 
ketogenic oxygen at Cn is favorable to an anticonvulsant effect. However, we 
do not wish to draw definite conclusions in this respect before testing further 
compounds with similar structure. 


summary 

Among twenty-nine steroids ' tested, desoxycorticosterone acetate, proges- 
terone, testosterone, acetoxypregnenolone, androstenedione, and dehydroandro- 
sterone were able to increase the threshold of electrically induced convulsions. A 
definite margin between anticonvulsant and hypnotic dose was found for the 
latter three substances only. 
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distinct rise in the base line. Bronchodilators, such as epinephrine, caused rather 
marked falls in the base line (Fig. 2). It is appreciated, of course, that our 
method will record only changes produced in the bronchi and not in the 
bronchioles or respiratory bronchioles. Since the bronchi act, in so far as is 
known, as do the smaller bronchioles, we feel the method to be valid. 



Kg', r. — Effect ot electrical stimulation upon the hronchpgram. 
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Table I. -Effect of Agents or Procedures on Reflex Broncuoconstriction 
Induced by Nasal Stimulation 



atropine 

ERGOTAMINE 

VAGOTOMY 

ATROPINE AND 
ERGOTAMINE 

No effect 

3 

1 

2 

0 

Hffect diminished 

2 

. o 

3 


Effect abolished 

0 

o 

1 

5 


nature, the only other nervous mechanism capable of producing this change is a 
reduction in the tone of the sympathetic nerves innervating the bronchi. Very 
powerful bronchodilator nerves have been demonstrated by Dixon and Ransom, 
so such a phenomenon is not unknown. Since ergotamine is capable of blocking 
s^Tupathetic motor nerves,® then, with their activity abolished, a dependent reflex 
must likewise be abolished. We have found this to be true. 



a. 

FIff. 3. — Effect ot stimulation of the nasal mucous membrane by chloroform vapor before 
the Use of atropine. ^ c 

FIff. I,— Effect of stimulation of the nasal mucous membrane by chloroform after 5 mg. 
of atropine. 


Fiff E'#.. . , , -1 membrane by ethyl chloride after 10 m^. 

• »>. Effect of stimulation of tlic gives similar results, 

of atropine. Stimulation by Ice vrawr 
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If this work is valid aud eau be transposed to human subjects, then an in- 
teresting question is raised. For many years, the results of atropine therapy 
in the treatment of asthma have been very disappointing. In particular, 
atropine therapy of the asthmas resulting from exposure to cold air has been 
unsatisfactory. The explanation has been suggested that this is an allergy in 
wliich exposure to cold results in the local release of histamine, an extraordinarily 
powerful bronehoeonstricting agent. It is possible that this mechanism might, 
well be augmented by reflex eonstiuction and, if this is a re.sult of sympathetic in- 
hibition, the ineffectiveness of atropine is understandable. Likewise, the efficacy 
of epinephrine and other sjnnpathomimetie amines is iindei’standable. It is well 
to keep this reflex in mind in breathing cold air through the nostrils at altitudes. ' 
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RH FACTORS IN CLINICAL 3IEDICINE* 

AUL\-Ai\DER s. WlEXER, A.B., II.D., P.A.C.P. 

Brooki.vn, N. Y, 

A LIIOST eveiy important scientific discovery inis a long historical back- 
^ ground. Intimately associated with tlic histoiy of the Rh blood factors 
B the name of the late Dr. Karl Landstciner. Dr. Landsteiner is correctl.v 
moivn as the father of blood grouping, and in 1930 he was awarded the Nobel 
nze in lledieine primarily for his discovety of human blood groups'" = wliieh 
made possible tlie safe transfusion of blood. Early in his studies Dr. Land- 
stemer conceived the e.\-isteuce of numerous serologic differences in human 
Wood which might some day make jiossible tlie individual identification of 
unian beings based on their blood reactions in a manner somewhat similar to the 
use of fingerprinting. The discovery of tlie subgroups in Groups A and AB 
mo™” Hirszfcid' in 1910 and of the properties 31, N, and P in 

19-8 by Landsteiner and Levine* increased the number of subdivisions of human 
blood from four to thirty-six ; that was the status of the subject when I began 
mo studies on blood grouping in collaboration with Dr. S. H. Polayes in 
9-9. As a result of my interest in blood grouping, I became intimately 
uequainted with Dr. Landsteiner. Our fiist meetings soon blossomed into a 
close friendship wliieh eontinued until his untimelj' death in 1943, depriving 
me of an irreplaceable friend and teacher and the medical world of one of its 
leading scientists. 

Some of the earlier investigations on additional factois in human blood 
esides A, B, 31, N, and P did yield some findings supporting Landsteiner’s 
™ca of the e.xistence of numerous individual differences in human blood.” 
owever, attempts to reproduce these findings were not consistently successful 
ccause no satisfactory method could be devised for obtaining the necessary 
antisera. In 1937 I became interested in the evolution of the agglutinogens 
-t and N, and when my preliniinarj- finding proved interesting,® I continued the ' 
'rork in collaboration with Dr. Landsteiner. In the blood of rhesus monkeys we 
elected the presence of 3I-libe agglutinogens and also found that the injection 
Cl the blood of rhesus monkej-s info rabbits stimulated the production of anti-31 
aphitinins.' Previously it had been found b.v Schiff that injections of sheep 
lood into rabbits caused the formation of anti-A agglutinins and hemolysins. 

1 therefore occurred to us that by continuing this line of research, namely, the 
bsc of animal blood instead of human blood for preparing our antisera, wo 
Wight discover netv factors in human blood. Indeed, we did find® that some ■ 
b our antisera for rhesus monkey blood contained an agglutinin reacting with 
“g blood cells of 85 per cent of the white population independently' of the blood 
ffbbPs or 31, N, and P factors. The new factor detected by these rhesus anti- 

Voilf 'be Serolopy Laboraton- In the Office of me Chief Medic-al Examiner of New 

-V- T.. and the Blood Transfusion Division, Jewish Hospital of Brookim. 

mceived for publication, Auj. 2S, 1945. 

®f bh 'bo Alvarenca Lecture for the year 1IM5; presented bafore a Joint meetfnv 

Oct. f ilibljOSO bf Physicians of Philadelphia and the Phnadeiphia County hfedlcal Soclety 
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sera we later designated as Rii to indicate the manner in which it had first 
been discovered. ' . , 

We did not immediately report onr findings because we wished to perfect 
the method of producing the antisera. When, in 1939, Dr. H. Eaymond Peters, 
and I encountered three cases of hemolysis following transfusions of blood 
of the homologous group, which wei'e proved to be due to isoimmunization to the 
rhesus factor,® it became evident that the new blood factor was of clinical im- 
portance. This is the reason- why the Eh factor found by Landsteiner and 
myself in 1937 was first announced by us in January, 1940.® 

As already mentioned, the blood cells of 85 per cent of all white individuals 
are agglutinated by the antirhesus sera. Such individuals are said- to be, Eh 
positive, while the remaining 15 per cent are said to be Eh negative. These two 
types of blood are .hereditarily determined like the four blood groups, the Eh 
factor being transmitted as a single Mendelian dominant® by a pair of allelic 
genes, Eli and rli. Since every individual possesses a pair of genes from every 
series of allelic genes, one gene being derived from the mother and the other 
from the father, there are three genotypes possible. Eh-negative individuals 
belong to genotype rhrh and are always homozygous; Eh-positive individuals 
may either be homozygous (genotype EliRli) or heterozygous (genotype Rhrh). 
Therefore, two Eh-negative parents can only have Eh-negative children. If one 
parent is EH negative and the other is Eh positive, the children -will all be Eli 
positive if the Eh-positive parent is homozygous, or one-half the children ivill 
be Eh positive and one-half Eh negative if ‘the Eh-positive parent is heterozyr 
gous. When both parents are Eh positive, all the children will be Eh positive, 
except when the parents are both heterozygous, in which case one-fourth of the 
children ivill be Eh negative.^^ 

Natural Eh isoantibodies have never been demonstrated in human serum. 
Therefore, Eh-negative individuals can safely be transfused with Eh-positive 
blood provided that they have not become sensitized to the Eh factoV as iai 
result of previous exposure to the Eh antigen. The situation with regard to 
Eh in relation to blood transfusion is therefore different from that which 
exists for the blood groups, in which every individual (except in infancy) has 
agglutinins in his or her serum for those agglutinogens (A, B or both) which 
are lacking from the erythrocytes, so that even a first transfusion of an in- 
compatible blood may cause a hemolytic reaction. The situation is also different 
from that which exists for the properties M, N, and P. Natural antibodies for 
M and P have been demonstrated in a number of human sera^®'“ and in a 
few instances the transfusion of blood containing properties M and P has 
stimulated the production of anti-M and anti-P immune antibodies.®®- 
These instances are nevertheless extremely rare and no instance has yet been 
encountered of natural or immune isoagglutinins for N, so that it is evident 
that properties M, N, and P only rarely have to be considered when donors 
are selected for blood transfusion. The clinical importance of property Eh 
depends on the fact that Eh is a far better antigen in man than M, N, and P, 
as evidenced by the observation that as many as 90 per cent of eases ‘of intra- 
group transfusion hemolysis can be traced to the Eh factor.®* 

Eh-negative individuals may become sensitized to Eh antigen in one of 
two ways: (1) sensitization may result from a transfusion of Eh-positive 
blood or (2) in women, sensitization may result from pregnancy with an Eh- 
positive fetus. Individuals sensitized by either of these two methods may have 
a serious hemol^ic reaction if transfused with Eh-positive blood.®-®* Ideally, 



mi FACTORS IN CLINICAL IIEDICINE . 959 

therefore, eveiy patient who is to be given a blood transfusion should be tested 
for the Ilh factor as well as the blood group, and Kh-negative patients should 
only be given lih-ncgative blood. Under battle conditions, of course, this pre- 
caution is hardly ever necessary because the casualties are mostly men who have 
never had a previous blood transfusion; in fact, it is undesirable because in- 
sistence on Eh tests would unduly delay a lifesaving procedure. In civilian 
hospitals such tests should bo insisted on for all patients requiring a series of 
tr^fusions, and, if possible, for all women patients, particulariy during the 
child-bearing age. It is important to mention at the onset that not every Eh- 
iiegative person receiving transfusions of Rh-positive blood or bearing an Eh- 
positive fetus becomes sensitized to the Eh factor. Individuals differ in the 
case with which they can be sensitized, probably depending on some hereditary 
constitutional quality,*** so that on the average only one in about twenty-five 
llh-negative persons exposed to the Eh antigen becomes sensitized. This ex- 
plains the relative infrequency of intragroup transfusion hemolysis due to the 
Eh factor, so that such cases were uiieonunon even before 1940 when the 
existence of the Eh factor was still unknown and tests for Eh were not carried 
out before transfusion. 

Soon after the importance of the Rh factor as a cause of intragroup trans- 
fusion hemolysis was pointed out by Wiener and Peters, Levine and his collab- 
orators*'’ noticed that intragroup transfusion reactions occurred with exceptional 
frequency in women who had liad stillbirths or infants with erythroblastosis 
fetalis. This suggested that isoimmunization in pregnancy might be the basis 
of the latter disease, which Diamond, Blaekfan, and Baty** bad previously 
shoivn to comprise a number of syndromes, namely, icterus gravis neonatorum, 
hcniolytie anemia of the newborn, hydrops fetalis, and certain unexplained 
stillbirths. According to the theory of Levine and associates,** an Rh-negative 
woman bearing an Rh-positivo fetus becomes sensitized to the R(} factor, the Rh 
antibodies produced by her pass through the placenta into the fetal blood 
weulatioii and combine with the red cells, giving rise to one or another 
uianifestation of the disease. In support of this theory may bo cited Levine’s 
obseivation that 90 per cent of tlie eiwthroblastolie infants have mothers who are 
Eh negative, while, as already mentioned, only 15 per cent of individuals in the 
Kcneral population are Eh negative. Again, in about one-half of the cases, 
anti-Rh agglutinins could bo demonstrated in tbe maternal serum; this proved 
lhat the mothers had been sensitized to the Rh factor. In view of this evidence 
concerning the nature of the disease, the name has been clianged from eiythro- 
hlastosis to hemolytic disease of the fetus and newborn or congenital hemolytic 
^hseasc; the latter name will be used henceforth in this lecture. 

While the mating of Eh-negativc women with Eh-positive husbands oeeurs 
W one of fen maiTiages, congenital hemolytic disease affects only one of about 
-50 newboin infants. This suggests that only about one in twenty-five Rh- 
I'cgative women becomes sensitized when bearing an Eh-positiv'e fetus, just as 
sensitization by blood transfusion. The firstborn is rarely affected, because 
>t takes at least one pregnancy and sometimes more before a suflieient degree 
sensitization develops. In most of the rare cases where the firstborn was 
sfeted, a careful history revealed that the woman had previously received 
s transfusion of Eh-positive blood.**-** This serves to emphasize the impor- 
tance of performing Rh tests before giving blood transfusions to women in the 
'liild-bcaring age, and even to young girls, Iieeaiise such a transfusion could 
tst'n a woman’s chance to have a normal child. 
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■ While the theor 7 of Levine and co-workers accounts for many of the essen- 
tial facts in the pathogenesis of congential hemolytic disease, a number of 
apparent paradoxes remain to be explained. Since the intact villus is im- 
permeable to erji;hrocytes, it is not clear how the fetal Rh antigen gains access 
to the maternal circulation. Thei’e is no convincing evidence that Eh antigen 
exists in soluble form in body fluids,®' as is the case for the A and B factors, 
despite the assertions of certain workers.^®' The most plausible explanation 
is that during labor and delivery, villi become detached and enter the maternal 
circulation, caiTying along enough fetal red cells to incite antibody formation by 
those women who are constitutionally predisposed. Autopsies on women who 
have died in childbirth or shortly thereafter have actually revealed the presence 
of Langerhans giant cells and villi in the lung bed. At the same time, this 
would explain why congenital hemolytic disease rarely affects the firstborn 
unless the mother has been previously sensitized by blood transfusion. It is ' 
difficult to reconcile Levine’s theory vdth the lack of correlation between the 
titer of anti-Rh agglutinins in the maternal semm and the severity of the 
disease in the infants thus in some of the most severe cases of congenital 
hemolytic disease no Rh agglutinins are detectable in the maternal serum ; oh the 
other hand, some Rh-negative women with anti-Rh agglutinins in their serum 
have given birth to apparently normal Rh-positive infants. The occasional 
occurrence of hemolytic disease when the mother is Rh positive has been attrib- 
uted to subtypes of Rh and to the Hr factor, as will be explained later, and 
some cases have also been attributed to isoimmunization to the A-B blood group 
factors. With regard to the common blood groups, it is not clear why the A-B 
factors so rarely cause trouble, considering that the maternal serum frequently 
contains natural isoagglutinins anti-A and anti-B, and A and B are far more 
potent antigens than Rh. The suggestion that nonsecretoiy infants are the only ' 
ones affected is improbable a priori because as many as 15 per cent of all 
individuals are nonsecretors, while these eases are uncommon; besides, in two 
cases recently seen by me both infants proved to be secretors. Another puzzling 
feature of congenital hemoljdic disease not explained by Levine’s theory is why 
infants frequently appear perfectly normal when born, yet -within a few hours 
or days severe jaundice and anemia develop. 

These paradoxes have been explained by the recent discovery-®- that more 
than one variety of Rh antibody is produced by individuals sensitized to the 
Rh factor. In addition to anti-Rh agglutinins, antibodies designated “blocking 
antibodies” and “glutinins” are produced; these antibodies are far more im- 
portant than the agglutinins in the causation of congenital hemolytic disease. 
The blocking antibodies and glutinins were not found pre-viously because 
special techniques had to be devised for their detection, as will now be explained. 

TESTS FOR KH SENSITIZ.mON 

Agghdinaticn Test .^'> — In the agglutination test for Rh sensitization, a 
drop of the patient’s serum is mixed with a di'op of a 2 per cent saline suspen- 
sion of Group 0 Rh-positive cells in a small test tube and the mixturb incubated 
in a water bath at body temperature for from thirty to sixty, minutes. The 
reactions can -usually be judged from the appearance of the sediment at the 
bottom of the tube (see Fig. 1). The sediment is then gently dislodged by 
twisting the tube and the mixture is examined for the presence or absence of 

•If the Rh antigens are actually present, their concentration must he far smaller than 
that of the A-B-O antigens. 
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agglutination. In. positive reactions the red cells are clumped together in large 
masses usually visible to the naked eye, while in negative reactions the mixture 
remains homogeneous with each red cell separate and distinct, as proved by, 
uiicroscopic examination. Wlien tlie patient^s senun contains only veiy, small 



1 . — Sedlmentlve motliod of testing for the Rh factor (magniflcatlon, 1:2). a and 6, 
ntsaUve rcacUons j the Inner light disc In 6. Is due to slight convexity In the bottom of the 
tube, c, Faintly positive reaction, d. Weak positive reaction, e, and f. Typical positive 
reactions. ^From l^andatclncr and Wiener; J. Exper. lied. *4: 312. 1341.) 




2.-.' 


Agglutination 



-Diagrammatic representation of Rh ogglutinatlon and blocking reacUons. (From 
Wiener, A. S.; Am. J. Clin. Path, 15: 106. 1945.) 


quantities of Rh agglutinin, centrifugation may be necessary to bring out the 
reaction. When enough agglutinin is present, on the other hand, strong clump- 
will occur even in tests with the patient's serum diluted ivith saline solution, 
uud in tests on slides as well as in tubes. 

■According to our present concept, Rh agglutinins, like other antibodies in 
general, are modified scrum globulins. Moreover, Rh agglutinins like other 
^Sglutinins are presumably polyi'alent (probably bivalent) so that each anti- 
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body molecule has more than one specific combining group for the correspond- 
ing Eh hapten. Since the red cells presumably have numerous Eh haptens 
distributed over their surfaces, when agglutinin and agglutinogen combine, 
climiping results from the formation of a latticework, ' in accordance with 
Marrack’s hypothesis (see Pig. 2). This^'“' concept of the nature. of Eh 
agglutinins is useful in explaining the pathogenesis of congenital hemolytic dis- 
ease, as will be pointed out later on. 

Blocking 2'est.-®' — In search for an explanation of cases of congeni- 
tal hemolytic disease which were typical except that the maternal serum con- 
tained no demonstrable Eh agglutinins, it occurred to me that Eh antibodies 
might be present but of a special variety incapable of bringing about agglutina- 
tion. If such antibodies were present and combined with the Eh-positive red 
cells, then the cells might be expected to lose their capacity to agglutinate upon 
the further addition of anti-Eh agglutinating serum. In preliminary experi- 
ments carried out by me in 1941 some encouraging results were obtained, but 
final proof of the existence of such special airtibodies, designated as Eh blockiirg 
arrtibodies, was not obtained until 1944 when larger quantities of potent human 
anti-Eh senrm heeame available for these tests.”® 

In the test, a drop of the patient’s serum is first mixed with a drop of 
a sirspension of Group 0 Eh-positive red cells and incubated in the water bath. 
In the absence of Eh agglutinins, no clumping should be evident at this stage. 
Then a drop of a good human anti-Eh agglutinating senrm is added, and the 
mixture is reincubated in the water bath. If the patient’s serum does not con- 
tain arry Eh antibodies, stroi;^g clumping should be evident; on the other hand, 
if the patient’s serum eontlins Eh blocking antibodies, the red cells remain 
unagglirtinated or the clumping is distinctly weakened. 

I have postulated that Eh blocking antibodies, in contrast to Eh agglutinins, 
are univalent.^® This would account for the ability of these antibodies to com- 
bine with Eh agglutinogen and to block the eombinirrg sites on the surface of 
the erythroejdes, but without clumping them (see Pig. 2). If this concept is 
correct, it seems reasonable to corrclude that Eh blocking antibodies are com- 
prised of smaller molecules than Eh agglutinins. Therefore, Eh blocking anti- 
bodies should be capable of traversing the placental barrier into the fetal cir- 
culation more readily and earlier in pregnancy than Eh agglutinins. This is 
supported by the clinical observation that the presence of Eh blocking antibodies 
is of more serious prognostic import than the presence of Eh agglutinins mtliout 
blocldng antibodies; for example, when blocking antibodies are present, still- 
births are moi-e likely to result. 

The discovery of the Eh blocking antibodies has also served to explain 
certain intragroup hemolytic transfusion reactions. For example, I have en- 
countered many cases of severe transfusion hemolysis in male patients due to Eh 
isoimmunization by repeated transfusions. In two such cases, the patients 
were Eh negative, but their sera contained no anti-Eh agglutinins, and in the 
usual compatibility test the sera of the patients failed to agglutinate the blood 
suspensions of the donors whose blood caixsed the reactions. However, the 
blocking tests were positive in both cases and showed the presence of Eh anti- 
bodies of high titer. 

Conglutination Tcst .-^ — ^The discovery of the Eh blocking antibodies ex- 
plains why the classic cross-matching tests have been inadequate to detect all 
cases of intragroup incompatibility. By slightly modifying the technique of 
the compatibility test, it is now possible to avoid this pitfall. 
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differs from «■“ conglutination test, 

and because a tliird component besides the Rh Zr '"^‘cad of one 

must be present in the .nixture „ 

component, like eon.plement in selXi “-d 

cilically sensitized red cells and then nn„^ is absorbed onto the spe- 

tJlis third component is distinct from tqgctlicr. However, 

and is a colloidal eonsHt™, m " complement. It resists heating at CQo C 
. X protein, which rf la 4 n "l / “ "•■«> “>« «o-callcd 

•Plmlipid. The Rh Litilifd^ 1 f'-- 

, univalent and is best referred to -is Rh rT- ^ conglutination reaction is 

is still uncertain whether or not lln ' '’"<fcr.standing that it 
Tl,„ “ “’entieal with blocking antibody 

The difference between Rli agglutinalioii and PI, „„ w “ 
smiiinarized as follows: ^ * conglutination can be 


Kli-poaitivo 
i>i . red 

lilj-poaitivc 
red cells 


I MlU f + { Kl, antibodies ) 

) f IT • I K ('Vglminiua) r Ttgglutmation 

) yniT' ™ I ^ f Congintinin ) 

I I (Blockers or glutmma) I * ) (X protein" f Conglutination 


S.0 eiiiS-'trtr^'* 'T- ‘>-o‘ S 

llm use of saline ii4n .o? t'm asglutination test, because 

the natient’o ‘ IBeimnng tlio red blood cell suspensions and for dilutin-r 

The coiiglutinaHon Vst ‘T P***'"^' completely the X protein! 

wept tLt the use f !• ™ “SS’'’«"otion test 

The red e!ii crystalline solution is strictly avoided 

convenienth^n !"“"r‘'‘^°? “idividual’s own plasma or serum or more 

undiluted 4- in serum. Tlie patient’s serum is tested 

of saline sob.t4 'r t'”!' Gwnp AB serum instead 

and t),! f f’clieve tliat tlie slide test of Diamond and Abelson,=‘. »» 

their Cliowui,"' when properly carried out, depend for 

' tion n “‘’''Slutination reaction rather tiiau on an agglutination reae- 

hoth iini ufufod hy these workers. Since most RIi antisera will contain 

lest unc''''-n ! hivalent antibodies, then, depending on the conditions of the 
» Will obtain agglutination or conglutination or both. 

lions seimitization by the conglutination technique, positive reac- 

aMiUm? o^ained in all cases in which the patient’s serum contains Rli. 
other t ”! l^lockiug antibodies, or both, and occasionally when the 

uiost r Tm negative or inconclusive.'"'- The conglutination test is tlie 

it is nidication of the presence or absence of Rh sensitization because 

almost always positive if tlic patient is sensitized. Moreover, 
so tr and therefore presumably comprised of small molecules, 

blocking antibody, plays a more important role than Rh* 

® ^nin in the pathogenesis of congenital hemolj'tic disease.^” 

(Jq bizarre behavior of congenital hemolytic disease, so that some infants- ' 
can signs of hemolysis until several hours or days after birth, 

jjj ^0 attributed to X protein, the third component necessary for 
Per/ ^^^Slutination, and therefore probably important for in vivo hemoIysis.=“ 
the these cases X protein does not form until after birth, at which time' 

physiologic changes occurring bring about aggregation of serum 
into more complex molecules. In this connection Pedersen^^ has found 
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that serum from cow’s fetus and newborn calves and foals, contains large- 
a^mounts of a special globulin of low molecular weight, designated fetuin by 
him, which he believes to be one of the precursors of X protein. Petuin has 
also been found in human umbilical cord serum, although in smaller amount. 

Kh BLOOD TYPES 

Before proceeding Avith the presentation of illustrative clinical material, a, 
brief description of the Rh blood types is in order. 

While our antirhesus guinea pig and rabbit sera all gave parallel reac- 
tions,^® agglutinating the blood of approximately 85 per cent of all white in-" 
dividuals, it was soon found that human antisera from Rh-negative patients 
sensitized to the Rh factor varied in their specificities. The great majority of 
the hmnan antisera gave reactions identical -with those of the antirhesus sera; ' 
such human antisera are now designated as standard anti-Rh or anti-Rho.®® 
The variations among human antisera were soon explained by the demonsti’ation 
of two additional varieties of Rh agglutinins, one giving 70 per cent positive 
reactions’®* and designated’®* '‘® as anti-Rh', the other giving 30 per cent posi- , 
tive reactions”* ” and designated anti-Rh". If blood specimens are tested with all 
three antisera, anti-Rho, anti-Rh', and anti-Rh", eight distinct types of human 
blood can be identified instead of the two, Rh positive and Rh negative, detected 
with the aid of standard human anti-Rho serum or animal antii'hesus serum 
alone. As P® have shown, the three Rh antisera detect three corresponding 
Rh factors, Rho, Rh' and Rh", which in combination give rise to at least five Rh 
agglutinogens instead of one, namely, Rho, Rh', Rh", Rlij (or Rhj), and Eh, 
(or Eh"). These five agglutinogens in combination determine' the eight Eh 
types, which are hereditarily transmitted by means of at least six allelic genes,” 
BK, BW Bh'\ BK BK and rh. 

Anyone familiar with the serology and genetics of the four Landsteiner 
blood groups can readily master the eight Rh blood types. First, considering 
only the reactions of anti-Rh' and anti-Rh", these two antisera detemine four 
types of blood entirely analogous serologically and genetically to the four 
blood groups. If, in addition, the reactions with anti-Rho serum are tahen into 
account, eight types of blood result, as shown in Table I. The types are named 


Table I. The Eight Eh Blood Types* 


BLOODS CONTAINING Eh„ 

BLOODS LACKING Kh„ 

BESIGKATIONS 

OF 

TYPES 

REACTIONS WITH SERA 

DESIGNATIONS 

OF 

TYPES 

EEACTIONS -WITH SERA 

anti'Eh' | anti-Hh" ] anti-Kh„ 


Eh„ - - + 

Eh,(Eli;) + - + 

Slu(Hh;') . + + 

Eh,Eh^ (Eh^'Eh") + + + 

Eh- - _ _ 

Eh' + _ _ . 

Eh" - + _ 

Eh'Eh" + + _ 


•Wiener, A. S. : Am. J. Clin. Path. 15: 100, 1915. 


after the antisera ivith which they react.’®* ■‘® For example, type Rho reacts with 
anti-Rho but not with anti-Rh' or anti-Rh"; similarly, type Rh' reacts with 
anti-Rh' but not with anti-Rho or anti-Rh"; etc. Blood reacting ivith anti-Rh' 
and anti-Rho but not ivith anti-Rh" is designated Ehi (short for Rho') instead 
of RhoRh' because the factors Rho and Rh' in such blood are ordinarily heredi- 
tarily transmitted as a unit, Mlm the agglutinogens Ai and A in blood of Sub- 
group Ai rather than like the agglutinogens A and B in Group AB blood. Thus, 
in the mating Rh negative x Rh„ as a rule, either the children are aU type Ehi, or 
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one-half belong to type Rlu while the other one-half are Eh negative. ■ To be 
sure, the factors Eh„ and Eh' will segregate in occasional matings involving type 
Rhi individuals, namely, when type Rln individual belongs to genotype Rhjlh' 
but such cases are rare and have not yet been encountered because of the 
low frequencies of genes Rh^ and Rh'. For the same reason, blood reacting ivith 
anti-Eh" and anti-Eho but not with anti-Rh' is designated as type Ehj (or Eho") 
rather than Eh„Rh". On the other hand, typos Eh'Eh" and EhiEh» are so 
designated because, with rare e.xeoptions, such bloods contain two separate 
agglutinogens. 

The Rh blood types, like the blood groups and 3I-N types, e.vhibit strildng 
aifferences in distribution in various races" and promise to have important 
applications in anthropology. Some of the findings on the racial distribution 
of the Rh blood types are summarized in Table II. Chinese,”' ” Japanese,*'- *® 


Tadle II, DisTniBUTioN OP THE Ru Blood Types 


.\UMUER OF 

P 0 PUL\TI 0 N PEn.S 0 NS 

TESTS TESTED 


4 Rt:Ql'ENCIES OF Ell 

TYPES (PER CENT) 


l»l- 

1 Eli. 

IHIM 

Eli.Eli,! 

Ellq 

Ell' 

1 Rh" 

iRh'Rh" 

Caucasians (Now (■ 

■MH 

12.9 

54.1 

12.8 

10.4 

2.0 



0 

■ 1 ■ IMTBT 

318 

13.5 

05.0 

15.8 


3.7 

1.1 


0 


243S 

14.5 

52.5 

15.7 

13.1 

2.4 

1.1 


0.02 

(England)}}} 

927 

U.3 

54.9 

12.2 

i:i .7 

2.5 


1.3 

0 


350 

14.9 

34.0 

12.6 

16.5 


BXB 

0.5 

0 

ifecroea (New York 

223 

S.l 

20.2 

22.4 

5.4 

11.2 

2.7 

0 

0 

Asiatic latJiausit 

250 

7.1 

70.5 

5.1 

12.8 

1.9 

2.6 

0 

0 

Chinese^f 

Mexicaa YndianaJJ 

132 

93 

1.5 

0 

muru 

Bin 

B )9 

34.1 

41 8 


n 

0 

Q 

0 

0 


150 

1.3 

37.4 

13.3 

47.3 

QB 

0 

0 

0.7 

, Ihllt 



51.7 

8.3 

39.4 


0 

0 

0 

Indonesian.sfi 

100 

100 

■1 

87.0 

75 

m 

11.0 

22 


0 

0 

0 

0 

0 

1 


•Old Series; Wiener, A. S.: Am. J. Clin. Path. IH: 106, 1945. 

TACw Scries; Wiener, A. S.. and Sonn, B. D. : Bull. Now York Acad. Sc. In press. 
*Y**ser, L. J. * Personal Communication. i 

iSImmons, R. t. ; Personal Communication. < 

•Wiener, Belkin, and Sonn.** 
ttWlener, Sonn, and Belkin: J. Immunol. 00; 341. 1945. 
iJWlener, Sonn, and Yl.*' 

ISWlener, Zepeda, Sonn, and Pollvka.** 

••Waller and Levine.** 
tttillller and Tasuchl.* 

SIfRace, R. R. ; personal communication. 

'^eriean Indians,*"- "" Filipinos, Hawaiians,®* and Australian aborigines®" are 
characterized by the virtual absence of the Eh-negative type ; in Negroes”- ®’ 
e most striking finding is the high incidence of type Eh,, which is about twenty 
hmes as frequent as in the white race. Some correlation between the frequency 
of the Eh-negative type in the population and the incidence of congenital hemo- 
yho disease is to be e.xpected, and it is of interest to note that Levine and Wong*® 
'■cpoi't that this disease is virtually unlinown among Chinese. 

The theory of six allelic genes has been tested by studying the Eh blood 
iypes in families®*'®® and by the gene frequency method; the findings support 
Ibe theory in its essential details. In Table III are presented our findings on the 
beredity of the Eh blood types in 197 families with 4C3 children. Only two 
apparent contradictions to the genetic theory were encountered and both of these 
proved to be due to illegitimacy. In the statistical test by the gene frequency 
method, the findings on white individuals®'- =* have been in good agreement with 
Ibe theory of six . allelic genes. In American Indians and Mongolians,, however. 
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Table III. SuiiJtAEY op Author ’s Family Studies on the Eh Blood Types* 


MATING 

NUiXBER ] 
OP 1 

families ^ 

1 


NUMBER < 

OF CHILDREN OF 

TYPES 



1 Eh- 

i Bh, 

1 Bh, i 

Ell, Eh, 

1 Bh, 1 

Ell' ■ 1 

Eh" 

iTOTALS 

Neg. X Neg. 

Neg. X Bill 

i 

49 

14 

25 

0 

73 

0 

0 

0 

0 

0 

7 

0 

0 

0 

0 

14 

105 

Neg. X Elg 

Neg. X BhjHli, 

Neg. X Bh„ 

16 

15 

3 

10 

(1) 

3 

0 

18 

0 

20 

14 

0 

0 

0 

0 

0 

0 

3 

0 

0 . 

0 

0 

0 

0 

30 

33 

6 

Neg. X Eh' 

2 

1 

0 

(1) 

0 

0 

1 

0 

3 

Neg. X Bh" 

1 

1 

0 

0 

0 

0 

0 

5 

6 

Eh, X Bh, 

26 

5 

02 

0 

0 

4 

1 

0 

72 

Eh, X Eh, 

21 

6 

15 

7 

18 

0 

2 

0 

48 

Eh, X EhiRh, 

2T 

0 

46 

8 

25 

0 

0 

0 

79 

Bh, X Bho 

1 

1 

0 

0 

0 

0 

0 

0 

1 

Bh, X Bh' 

3 

0 

3 

0 

0 

0 

0 

0 

3 

Eh; X Eh" 

4 

1 

o 

0 

3 

0 

0 

0 

6 

Bh, X Bh- 

o 

1 

0 

4 

0 

0 

0 

0 

5 

Ehi X Eh.Eh, 

6 

0 

2 

8 

8 

0 

0 

0 

18 

Eh, X Eh„ 

2 

0 

0 

1 

0 

4 

0 

0 

5 

Eh,Bh, X Eh, Eh, 

10 

0 

3 

1 

17 

0 

0 

0 

21 

Eh, Eh, X Bh„ 

2 

0 

1 

1 

0 

0 

0 

0 


Eh, Ell, X Eh' 

2 

0 

1 

1 

2 

0 

0 

0 

4 

Eh, X Eh' 

1 

0 

0 

0 

0 

1 

1 

0 

2 

Totals 

197 

69 

226 

66 

73 

19 

5 

5 

463 


•AViener and Sonn.“> 


the calculated sum of the gene frequencies falls short of 100 per cent, and this 
we^® attribute to the occurrence in these peoples of an exceptionally high fre- 
quency of the so-called genes Rhy and/or Bh. of Race and Taylor.®"- Negroes 
are characterized by an exceptionally high percentage of individuals with blood 
giving weak or intermediate reactions with one or more of the Bh antisera,®’ 
and these' have been attributed to the existence of still more genes in the Bh 
allelic genes,®’ the “intermediate genes.” For practical pui’poses-, tlie theory of 
six allelic genes has proved adequate, because the genes Rhy and/or Bh- and the 
intermediate genes are quite rare among white individuals. Under the theory 
of six allelic genes, twenty-one genotypes are possible, and the genotypes cor- 
responding to each of the eight Rh blood types are readily ascertained, as shown 
in Table IV. If the genes Rhy and/or Rli~ and the intermediate genes are taken 
into account, the situation naturally becomes far more complicated. 


Table IV, The Eight Eh Types and Their Genotypes 


Eh TYPES 1 

GEXoxyrEs 

Neg. 

rhrh 

Eh' 

Sh'Bh' and Sh'rh 

Eh" 

Bh”Bh" and SW'rh 

Eh'Eh" 

Rh'Rh" 

Eh, 

Rh,Rh„ and Rh^rh 

Eh, (Eh,') 

Rh,Rh„ Rh,rh, Rhjlh', Rh,Rh„ and Rh'Rh, 

Eh, (Eh,") 

Rh,Rh,, Rh.rh, Rh.Rh", Rh,Rh„ and Rh"Rh, 

Kh,Eh,(Sh„'Ith„") 

Rh,Rh„ Rh,Rh", and Rh'Rh, 


THE HR FACTOR 

The literature on the Hr factor is somewhat confused, because the early 
Avork Avas done AA-ith Aveak antisera, so that some of the findings Avere inaccurate 
and misleading. LeAune and Javert*- first reported that they had detected in the 
serum of an Rh-positiA-e mother of an erythroblastotic infant an antibody Avhich 
had the property of agglutinating aU Rh-negative bloods. Because of this 
property of the serum, the neAv agglutinable property detected by it Avas desig- 
nated as Hr and the corresponding agglutinin as anti-Hr. Levine reported that 
his anti-Hr serum gave about 30 per cent positive reactions and that 'all Rh- 
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positive bloods not agglutinated by anti-BIi' reacted with anti-Hr. On this basis 
lie postulated that Hr and Rh were allelic, without further clarifying his hy- 
pothesis. He also asserted that Hr incompatibility must be considered as a pos- 
sibility whenever the Rh-positivo mother has an Rh-negative chi!d““ and that all 
type RbiRh; individuals are Hr negative.*’ As will be shoivn, the latter two 
statements have been eontradieted by subsequent findings. 

In 19-13, Race and Taylor'* also detected in the serum of an Eh-positive 
mother of an erythroblastolic infant an agglutmin which reacted with all Eh- 
iiegative bloods but differed from Levine and Javert's findings in that it gave 
80 per cent positive reactions. As has been pointed out by AViener and co- 
workers," however, Eace and Taylor’s scrum detected the same blood property 
as Levine and Javert’s serum, tlie lower percentage of positive reactions obtained 
by Levine being due to tiie use of a weaker antiserum which missed bloods 
heterozygous for the Hr factor. In this lecture, therefore, the blood property 
studied by tlie Britisli investigators will also he designated as Hi’. As postulated 
by Haco and associates," Hr is a blood factor present in the agglutinogens de- 
termined by genes ff/ig, Rh", Rh„, and rh but absent from the agglutinogens 
determined by genes Rh, and Rh'. Prom the reactions determined by the six 
genes (Table V), the reactions, of the twenty-one genotypes are readily ascer- 


Tabie V, The He.actions Deterui.seu by the Six Stanbakd Genes and Genes 

ilftV AND Ithz 


CEK£S 

REACTIONS WITH Rh 

SCRA 1 

REACTIONS WITH 

Ur ANTISERUil 

anti-Rh' 

) finti-Rh" 1 

anti-Rjia I 

rh 

Neg. 

Meg. 

Keg, 

Pos. 

jRK 


Neg. 

Pos. 

Fos. 

2ih' 

Pos. 

Neg. 

Keg. 

Keg. 

Sh, 

Poa. 

Neg. 

Pos. 

Keg. 

r.h" 


Pos. 

Keg, 

Pos. 

Rh, 


Pos. 

Pos. 

Pos, 

Rh, 


■■ESSnMii 

Keg. 

Nog. 

Rh, 

Pos. 

Pos. 

Pos. 

Keg. 


tained, as shown in Table VI. In giving tlic e.xpccted reactions with anti-Hr 
serum, it is postulated that a single dose of a gene positive for Hr determines 
a weaker reaction with anti-Hr tlian a double dose of Hr-positive genes. (This 
idea is supported by observations made in tests with weak anti-Hr serum,'*' 
While in tests with potent Hr antisera it is difficult or impossible to demon- 
strate the gene-dose effect.) It will be seen that the expected percentage, of 
positive reactions, approximately 80 per cent, closely agree with that reported by 
Eaee and Taylor and that observed by me. If oniy the strong reactions are 
counted, then the percentage of positives becomes 30 per cent, as reported by 
I-evine. This explains the apparent contradiction between the report of Levine, 
wd Eace and Taylor, and why Levine thought that type EhiElij bloods were 
Hr negative. Since Hr-negative mothers can only belong to genotype Rh,Rh„ 
Rh,Rh’, or Rh’Bh’, they must transmit either an Bh, or an Rh' gene to every 
child and sb cannot have any Eh-negative children, contrary to the assertion 
Made by Levine. ' 

The main clinical application of the Hr factor is as a presumptive test 
for homo- or heterozygosity of type Khi fathers in families with erythrohlastotio 
infants.'* The diagnosis is only presumptive because there are five genotypes 
■a type Eh„ while°anti-Hr serum merely subdivides type Eh, into two parts. 
Hr-negative indiyiduals of type Eli, are almost surely homozygous for Rh,, while 
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Table VI. , Eelation oi' the He Pactoe to the Eh Blood Types ' 


i 

Ell BLOOD 

EE.IC1T0NS WITH Rh 

yEiU. 


REACTIONS 

WITH 

Hr ANTI* 

PER CENT 
OBSERVED 
(350 TESTS ON 
WHITE INDI- 
VIDUALS, 
N.Y.C.) 

type 

! anti-Eli' 

1 anti-Eh" | 

anti-Rho 

GENOTYPES 

SERUM* 

Ell- 

Neg. 

Neg. 

Neg. 

rhrh 

Strong 

12.3 

Eh' 

Pos. 

Neg. 

Neg. 

{ Bh'Sh- 
i Bk’ih 

Neg. 

Weak 

0 

1.1 

Eh" 

Neg. 

Pos. 

Neg. 

! j 

) Bh"r}i ! 

t Strong 

0.9 

■ Bli'Eli"t 

Pos. 

Po.=. 

Neg. 

Rh'Eir 

Weak 

0 

. Sh„ 

Neg. 

Neg. 

Pos. 

) j 

) Bhjh ! 

1 Strong 

1.1 

Eh, 

Pos. 

Neg. 

Pos. 

r Bit, lilt, j 

Eh, Eh' 1 

Rh,rh '] 

Rh,Rh„ 

1 Eh'Eh„ J 

1 Neg. 

Weak 

19.7 

36.9 

Eh. . 

Neg. 

Pos. 

Poe. 

C Rh,RIi. 

Eh,Eh" 1 
; Rh,rk ‘ 

E7.,Eh„ 

1 Rh"Rh, J 

|- Strong 

16.0t 

' Eh.Elut 

Po.=. 

Pos. 

Pos. 

C Rh,Rh, ^ 
j Eh, Eh" ; 

E/t'Eh. J 
L Eh,E7i, 

|- Weak 
Neg. 

11.7 

0.3 


tUer thlt autollrivl^gfoods Tave 

tincludes one blood giving intermediate reactions (RhJ) 

seSoti^pe eM, is given in “this teble ^ °P>y ‘he most common. 


Hr-positive individuals of tj^ie Rh, are alnio.st always lieterozj'gous and bear 
gene rh. 

., yiie accuracy of the theory of Race and co-workers regai’ding the Hr factor 
ip. been confirmed by family studies and by the gene frequency method.®®- 
Hince eyery gene negative for factor Rh' is positive for factor Hr, it is evident 
tiigt factors Eh' and Hr are related to each other serologically and geneticaUy 
like H qud 2V (see Wiener and co-workers, Levine®®). To indicate this (espe- 
emlly since Fisher-® has postulated the e.vistence of three factors in Rh-negative 
fatood corresponding to the three Rh factors), the standard Hr factor which 
we aye esew ed is perhaps better knoivn as HF and the corresponding serum 
as anti-Hi Of the other two Hr factors postulated by Fisher, Hr" has recently 

been found by Mourant,-' while convincing evidence is still lacking concerning 
the e.xistenee of Hr„.«® 

CLUaCAX. APPLICATION 

A few cases will now be described which illustrate the appHcation of the 
Rh 00 tj-pes in relation to diagnosis, treatment, and prognosis of congenital 
heniolLdic disease. 

Case 1.— I- was. requested by Hr. J. Hoffniaa, at the Israel Zion Hospital, to see a 
deeply, jaundiced infant, 2 months of age, in order to determine whether he was suffering 
from. congenital stricture of bile ducts or congenital hemolytic disease, 

. The,, mother of the infant gave the following obstetric history: The first pregnancy 
terminate at term, in 1935, with a normal female child. The second pregnancy, in 1939, 
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yielfjed u male infant who developed anonuu after biitlt but recaxered foUowing traudfusioo- 
lierapjt The third prcgtiancj-, in 1S«5, roaltcJ in the patient, who short!}- after birth 
developed jaundice and anemia for which he was treated by transfusions of Bh negative blood. 
The anemia improved, but deep jaundice persisted. 

Tha infant’s mother had neter received a blood transfuaiou. 

TUo grouping and Rh tests gave the rcauUs listed in Table Vn. 

The fact that Iho mother was Hh negative, while the fattier and all three cliiidrcn were 
Rh positive could, of course, be merely comcidental. However, in the maternal serum 
aati-Hb, agglutinins of titer IG were dvfwtvd, demonstratiag that she was sensitized to the ' 
Ith factor and ost.ablishiilff the di.aitroisi.. of voiigvnital hemolytic dise.rse 

Taof.E Vil 


otiours .\No 


BLOOB OP 

.srBCRorpB 

MNTYPE 

Kh TVl'L 

lir UKACTIO.V 

Father 

0 

n 

Bh, 

Pos. 

Mother 

A. 

MN 

Neg. 

Pos. 

Tea-ycar-old sister 

(> 

MN 

Bh, 

POJ.. 

Six-year-old brother 

A, 

IIN 

■Rk 

Po.s 

Patient 

<> 

MN 

Bhg 

P05e 


Tile case is typical in that it demonstrates how the first Kh-positive infant 
escapes the disease, while the suteotjuent infants are affected progressively more 
severely as the scnsitizatimi of the moilirr increases in degree with each preg- 
naney. The, second infant reeoteied fnlly even ahiiongh the donors whose 
blood was used for the trati.sfnsioii', nere not .veUrted with regard to the Bh 
factor, then unhnowii. The patient w.is treated properly with transfusions of 
Eh-negative Wood and nevcitho!cs.s had an unusual complication in that damage 
to the liver finally caused death at the age of 3 months. 

The Hr factor is of no assistam-c in dctermiinng hetero- or homozygosity 
of the father in this case, liccause he doe.s not belong to type Kh, but to type 
Hhj. The fact that he has had children of types Kh, and Shj proves that he 
belongs to genotype Rhji)\. Tlierefoie. every future child of this couple must 
he Eh positive, either type Kh, or Eh,„ and would he certain to have congenital 
hemolytic disease. 

Cz^SB 2 . — Uhls patient was referred by l)r. B. Meriiaui witli tfie iustory (tiat sho \\‘u.s iu 

eighth month of prepiancy and that tho fetal heart sounds had not been audible for tha 
past three w«?cks. This -was the patient’s third pteguaney. The first pregnancy had terminated 
with a normal fezaalo child 4 years old at this time, while the second pregnancy had yielded 
a swen-taontli macerated fetus. 

Testa on the patient, her husband, and daughter shotred the lej'olta listed in Table VIU. 


Table VUl 


BLOOD OP 

GROUP AND 
aUBGROUF 

MN TYPE 

Rh Ttl'K 

ar REACTION 


0 

MN 

Rh, 

Keg, 


A, 

M 

Ncg. 


Daughter 

A. 

M 

Bh( 

Pos. 


Ko Jlh agglutinins were detaonsirable i» the patient’s serum, but Bh blocking anti- 
bodies were present in iom titer (2 units)'. By the conglutination technique, Kh jintibodics 
readily demonstrable in the patient’s serum in dilutions as high, as 1 to 50. These 
ftodkga therefore established tlw diagnosis of congenital liemolytic disease as the cause of 
the stillbirtU after the second pregnani?y and the intrauterine death during the present 
pregnancy. * 

Shortly after these teats were carries out the patwot gave birth to a mecerateii fetus, 
a«er which she !ma a hemorrhage which was treated by plasma transfusions. The patient 
ptohably owes her life to the newer knowledge of the Rh Mood faetors and the bloeiing 
"tltibDdic,. Under similar eircumsfanecs before tho discorery of tho Bh factor, the patient 
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would have been treated by transfusions of whole blood from an unseleoted and therefore 
probably Eh-positive, Group A donor, especially since blocking antibodies are not detectable 
in, the usual cross-matching tests. 

The more severe manifestations of congenital hemolytic disease in this 
case, as contrasted with Case 1, is in line with the remarks concerning the more 
serious prognostic significance of Eh blocking antibodies as compared with Eh 
agglutinins. Moreover, the husband of the patient is Hr negative so that the 
prognosis for further pregnancies for this couple is practically holpeless, because 
every future pregnancy would be expected to yield an Eh-positive fetus and 
therefore terminate with another stillbirth. In Case 1, on the other hand, where 
the degree of Eh sensitization of the mother is not as pronounced, future chil- 
dren, although certain to 'be aifeeted with congenital hemolytic disease, might 
nevertheless prove viable and r.eeover after transfusion therapy. 

Case 3. — This case was referred to me by Dr. I. Prohman, who is reporting it in detail 
elsewhere.72 The patient was drat admitted to the Eockaway Beach Hospital during the sixth 
month of her eleventh pre^aney because of an abruptio placentae. She was delivered shortly 
afterward of a stillborn fetus with hydrops. 

The obstetric history and the results of grouping and Eh tests are given in Tables IX 
and X. 

No anti-Eli agglutinins were demonstrable in the patient’s serum, but Eh blocking anti- 
bodies were present in low titer (2 units). These findings therefore indicate that the still- 
births that this patient had after the fifth pregnancy were due to congenital hemolytic 
disease. The stillbirth occurring after the third pregnancy must be attributed to some 
mechanism other than isoimmunization in pregnancy. 


Table IX 



BLOOD OF CROUP 

MN TYPE 


Ell TYPE 


Husband 0 

MN 


Eh, 


Patients 0 

N 


Neg. 

Table X 


PBEGNANCIES 

GROUP 

MNTYPE 

Eh type ■ 

I. 

1928 — ^Normal male infant 

0 

MN 

Eh, 

2. 

1929 — ^Normal male infant 

0 

MN 

Eh, 

3. 

1930 — Premature stillbirth at 6% months; 





Patient had hypertension during preg- 
nancy 




4. 

1932 — ^Normal male infant 

0 

N 

Neg. 

5. 

1935 — ^Female infant; jaundice on eighth 

0 

N 

Ehf 


day; cleared in a few days 



6. 1936— Normal male infant 

0 

MN 

Neg. 

7. 

1938 — Stillborn male 



8. 

1938 — Pratemal twins in separate sacs; 

o 

MN 

Neg. 


male twin normal; female twin died 




after thirteen hours from icterus gravis 

1 and hydrops 




9. 

1940 — ^Normal male infant 

0 

N 

Neg. 

Neg. 

10. 

1943 — Normal male infant 

0 

N 

11. 

1944 — Stillbirth (present pregnancy) 



The husband of this patient, in contrast to the fathers in Cases 1 and 2, is 
heterozygous for the Eh factor and belongs to genotype Rh^rh. It would there- 
fore be expected that one-half of the children' of this couple should be Eh positive 
(type Eh,), and one-half Eh negative. If the stillbirths are counted as Eh 
positive, a close approximation is obtained to the expected 1 :1 ratio. In future 
pregnancies, this couple has a 50 per cent chance of having an Eh-negative and 
therefore normal child. Should such a fetus be Eh positive, it almost surely 
would he stillborn. 

In this case it took more than one pregnancy with Eh-positive fetuses to 
sensitize the mother sufficiently to give rise to infants with hemolytic disease. 
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Kcvcrtlieless, the sensitization, when it finally did develop, was intense, as 
evidenced hy the presence of hlocldng antibodies in the maternal serum and the 
occurrence of stillbirths in the seventh, eightl!, and eleventh pregnancies. The 
mild jaundice c-vlubiled by the female infant born after the hltb pregnancy was 
probably a manifestation of a very mild hemolytic disease. After the fifth preg- 
nancy the sensitization became more pronounced so that only Eli-negative infants 
survived. 

Of particular- interest is tlie eighth pregnaney wliich yielded a pair of un- 
like-sexed twins. The male twin was Bh negative and normal, while the female 
twhi died irithin thirteen houi-s fi-om icterus gravis, undoubtedly because she 
was Eh positive. 

Case 4.— “Tbo patient was a male infant, 6 days of age, from the service of Dr. David 
A. Meyers at the Adelphi Hospital. The infant nas the eighth born to his parents. TIio first 
seven children had been all normal at birth, and all were alive except the oldest, who had died 
as a result of an automobile accident. On the second day of life the patient was noticed 
to be jaundiced. Tho jaundice deepened and by the fifth day the hemoglobin concentration 
had dropped to G3 per cent, the red cell count was 2.0 millions, and the blood dim showed S 
nomoblasts per 100 white blood cells. 

Blood testa on tho parents and children showed the results given in Tabic XI. 


Table XI 


BLOOD OP 

OflOUP 

MN TVPE 

Kh TYPE 


Father 

0 

hi 

Eh, 

Ncg. 

Neg. 

Mother 

O 

if 

Pos« 

1. Brother bom 1931 ‘ 

(not alivo) 

0 

M 

BI>. 

Pos. 

3. Sister bora 1938 

0 

if 

Eh, 

Pos. 

Sister bom 1939 

0 

M 

Eh, 

Pos. 

5. Sister bom 1941 

0 

M 

Eh, 

Pos. 

C. Brother bom 1942 

0 

M 

Eh, 

Pos. 

7. Sister bom 1943 

0 

if 

Eh, 

Pos. 

_ 8. Patient 

0 

M 

Bh, 

Pos. 


The maternal serum contained no detectable Rh agglutinins and gave only a questionable 
bloching reaction, but by tho conglutination method, Bh antibodies of titer 16 were readily 
<iemonstrable, proving that the patient’s mother was sensitized to the Bh factor and establish- 
the diagnosis of congemtal hcmolidic disease. By tho conglutination teclmique Eh anti- 
hodica were also readily detected in tho infant’s plasma, and autoagglutinatioa of the in- 
fant ’a red cells by lus own plasma was demonstrable. Ihis corroborates the remftrhs con- 
ceralng the ease with which maternal univalent antibodies pass through the placental barrier 
into the fetal circulation. 

A remar^feablo featuro of this case is the largo number of pregnancies required to induce 
Sh Sensitization, despite tlic fact that every cluld was Bh positive. There is no doubt that tho 
father is homozygous (genotype because he is Hr negative and every one of tho 

^ven children tested belongs to typo Rh,. If this couple has any more children, such children 
are certain to have congenital hemolytie disease. 

Bor treating the infant, 200 c.c. of blood were obtained from a Group 0, Eh-negatiye 
professional donor. Onc-half of tho blood was transfused at once and the remainder on the 
following- day. The infant improved immediately, the jaundice cleared, .nnd when tho patient 
"'as seen a week later, tho hemoglobin was B5 per cent. Ho was discharged from the hospital, 
the parents were instructed to return witU him in a week. He was not brought back until 
•'e was £ve weeks old, however, and by that time the hemoglobin had dropped to 40 per cent, 
’^wo hundred cubic centimeters of blood were then dra.vn from the patient’s mother and the 
'hashed and packed red cells (about 80 c.c.) transfused by syringe and two-way stopcock into 
scalp vein. The hemoglobin rise this time was sustained, and complete recovery followed, 

5’lie presence of Rli antibodies in the infant’s serum, as demonstrated in this 
and other cases, is the rationale for the use of Rh-negative blood Avhen treating 
'bfants with hemolytic disease, even though the infants themselves are Rh posi- 
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tive. When Rh-negative donors are not available, it is convenient to transfuse 
the mother’s washed cells, and if the packed red cells are transfused, it is pos- 
sible to get the effect of a transfusion of twice the volume of whole blood. The 
use of maternal washed cells is permissible even though the mother’s blood be- 
longs to an incompatible blood group, and preliminary grouping and Eh and 
cross-matching tests may be dispensed with if facilities for carrying out the tests 
are not available. 

Case 5. — A physiciaa ia Santiago, Chile, reported that his wife was in. the sixth month 
of her third pregnancy and showed signs of hydramnios. He was concerned because he had 
found his wife to be Bh negative and himself Eh positive. He could not detect any Eh 
agglutinins in Ms wife’s serum, but the patient gave the following significant obstetric 
history: 

The first pregnancy occurred in 1943. About three months after marriage the patient 
had a ruptured ectopic gestation for which an operation was performed. After the operation 
she was given two transfusions of Group A bank blood, not selected for the Eh factor. There ’ 
were no untoward reactions following these transfusions. 

The second pregnancy occurred in 1944 and terminated with an eight-month macerated 

fetus. 

Grouping and Eh testa were carried out on blood samples mailed from Chile, with the 
results given in Table SII. , 

No Eh agglutinins could be detected in the patient’s serum, but blocking antibodies were 
present in high titer (50 units), and by the conglutmation technique, Eh antibodies of titer 
90 were demonstrable. In view of the high titer of Eh blocking antibodies in the patient’s 
serum, and the fact that her husband was Hr negative, the prognosis for the present pregnancy 
was grave. In fact, the pregnancy soon did terminate with a seven-month stillbirth. . 


Table XII 


BLOOD OF 

GROUP AND 
SUBGROUP 

MN TYPES 

Eh type 

Hr keaction 

Husband 

0 

MN 

Eh, 

Neg. 

Patient 

A» 

MN 

Neg. 

Pos. 


There is no doubt that the two blood transfusions given to this patient were 
the cause of her sensitization to the Eh factor, because the ectopic pregnancy 
had not advanced far enough to bring about Eh sensitization. Had Eh-negative 
blood been transfused, most likely the second pregnancy would have yielded a 
viable infant. This case serves to illustrate the importance of Rh tests before 
giving blood transfusions to women in the child-bearing age, as already pointed 
out. 

Case 6. — ^The patient was an infant who became pale and then jaundiced shortly after 
birth, BO that blood transfusion therapy was necessary. The infant was his mother’s second 
child; the first pregnancy had terminated with a normal female cMld 4 years of age at 
this time. 

Grouping tests on the infant, his parents, and sister gave the result listed in Table XIH. 

These results came as a surprise, because we had felt reasonably sure from the clinical 
picture that the infant had congenital hemolytic disease. However, this diagnosis could now 
he excluded, especially since the maternal sera contained no abnormal isoantibodies. 


Table XIII 


BLOOD OP 

GROUP 

ilN TYPE 

Eh type 

Hr REACTION 

Father 

0 

MN 

Eh, 

Pos. 

Mother 

0 

M 

Eh, Eh, 

Pos, 

Sister (4 years of age) 

0 

MN 

Eh, 

Pos. 

Patient 

0 

M 

Eh, 

Pos. 


The history was then obtained that the patient had had a traumatic delivery. He soon 
died, despite transfusion therapy, and an autopsy revealed the presence of a ruptured liver 
with hemorrhage into the parenchyma of the .liver. 
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Case 7. ThU case was referred by Dr. A, if. Young, of the Slouat Sinai Hospital in 
Cleveland, Ohio, because tho patient, a neubora infant, had all the clinical signs and symptoms 
of congenital hemolyUc disease, yet mother and infant were both Bh positive. In the maternal 
scrum an irregular agglutinin was detected, which I was requested to identify. 

Grouping and Rh tests showed tho results given in Table XIV. 

Thus, tho' infant's red blood cells contain all three Rh factors, Eh,, Eh', and Eh", while 
the maternal red cells contain only factors Rh, and RU'. The presence m the maternal serum 
of an atypical immuno isoagglutinin of titer 32 was corroborated. As expected, this proved 
to correspond in specificity to anti-Rh". 


Table XIV 


BLOOD OF 


UN TVPE 

Eh TYPE 

— 

Mother 

A, 

MN 

Rh, 


Infant 


MN 

Eh,Rh, 



While type Rhi mothers with type Rh, or type Rh^RIij infants and type 
Rh, mothei's with type Rhj or type RhjRh, infants are quite common, these 
combinations only rarely give rise to cases of congenital hemolytic disease, be- 
cause factors Rh' and Rh" are much weaker antigens than Rhg. already 
mentioned, about 90 per cent of the clinical cases of congenital hemolytic dis- 
ease can be traced to the Rh^ factor. 

Case a.»A— An infant 12 days old was seen in consultation with Dr. Benjamin Bloom, be* 
cause of tho sudden appearance of jaundice and pallor the day before. The patient was the 
first child. Her mother had never had a previous pregnancy and had never received a blood 
or plasma transfusion. Tho patient was born at terra but her birth weight vras only 4 pounds, 
U ounces. In all other respects she appeared normal and was discharged from the hospital 
oa the eighth day. At home, she made satisfactory progress until jaundice and anemia ap- 
peared ou tho eleventh day, Blood count performed on the twelfth day showed: hemoglobin, 
50 per cent; red blood cells, 1.75 million per cubic millimeter; white blood cells, 17,000; 
polymofphonuclears, 41 per cent; lymphocytes, 53 per cent; monocytes, C per cent; no 
andeated red cells on smear. 

Grouping and Eh test showed the results given in Table XV. 

Since tho patient’s mother belonged to type Rh,Rh, and was Hr positive, this excluded the 
factors and tho Hr factor as having any bearing on the problem. The incompatibility 
blood groups suggested that this might have some bearing on the problem, so the 
isoagglatinin titers of the maternal serum were determined. By the agglutination method 
the titers were about twenty-fiv© times as high as the average normal titer, namely, the anti- 
^ titer (for A, test cells) was 500, while the anti*B titer was 250. By the conglutination 
techaiquo the titers were even higher, namely, 5,000 for anti-A and 500 for anti-B. In view 
pf these findings, there could be no doubt but that this patient's hemolytic anemia was due to 
isoiauaunization of tho mother against the agglutinogen A in the infant's blood. 


Table XV 


_ Blood of 

GROUP and 

SUBGROUP 

MNTYPE 

Eh TYPE 

Hr RBACTIOH 

■father 


N 

Eh, 

Pos. 

ilother 

0 

MN 

Eh,Rh, 

Pos. 

_ Batient 

A. 

N 

Eh, 

Pos. 


Two of the questions raised by this ease are liow congenital hemolytic 
'^sease developed in a firstborn in the absence of previous sensitization of the 
Biother by transfusion and why the onset of the disease was delayed until the 
-eleventh day. Probably the liigh anti-A titer found in the trats did not ac- 
curately reflect the titer during pregnancy because, for reasons already pointed 
“ht, the isoantibody titer rises after delivery. Since the infant had been brcMt 
she probably ingested larger and larger quantities of anti-A glutinins 
the maternal isoantibody titer rose, and finally enough antibody was ab- 
sorbed by the infant to bring about hemolysis. This serves to emphasize the 
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importance of interdicting breast feeding in all eases of congenital hemolytic 
disease. Another factor possibly delaying hemolysis was the infant’s immaturity 
judging from its low Aveight, and the corresponding immaturity of its X 
protein. In another milder case of congenital hemolytic disease in a firstborn 
infant due to A-B isoimmunization, the mother gave the significant history that 
two year's previously she had received two transfusions of reconstituted, 
desiccated pooled plasma. Experiments performed by me demonstrate that the 
intravenous injection of as little as 40 c.e. of such plasma can induce a pro- 
nounced rise in titer of the isoagglutinins anti-A and anti-B. This suggests that 
plasma transfusions should not be given indiscriminately to women in the child- 
bearing age, and it might also he mentioned that injections of thei-apeutic horse 
antisera may produce the same effect because such sera also contain A and B 
gi'oup substances.* 

Tests on the infant’s saliva showed her to be a secretor, thus disproving the 
contention that only nonseeretors are subject to congenital hemolytic disease due 
to A-B isoimmunization. 

The infant Avas given a transfusion of 60 c.e. of the packed, Avashed red cells 
of her mother. "When the patient Avas seen three days later, her hemoglobin had 
risen to 66 per cent. By the end of the Aveek, hoAvever, the hemoglobin had fallen 
to 45 per cent, so a second transfusion of Avashed maternal I’ed cells Avas given. 
Again the patient improved, and this time I'ceovery Avas sustained. 

CONCLUSIONS 

With the laboratory methods noAV available, it is possible to diagnose ac- 
curately practically every case of congenital hemolytic disease or to exclude this 
diagnosis. It is also possible to specify more exactly' the pathogenesis, Avhether 
due to isoimmunization to one or more of the Rh factors, Rho, Rh' and Rh", or 
to the Hr factors or the A-B-0 factors. 

The gi’eat majority of erythroblastotic infants born alive can be saved by 
transfusions of Rh-negative blood or Avashed maternal red cells. HoAvevei', no 
effective method is knoAvn for saving infants from the lethal effects of certain 
hepatic injuries sustained as a result of the disease or from kernicterus or hemor- 
rhagic complications. What underlies the constitutional predisposition Avhich 
makes one individual easier to sensitize to the Rh factor than another is not 
clearly xmderstood. 

Future work should be concerned primarily Avith the prophylaxis and 
treatment of congenital hemolytic disease. This problem Avill not be completely 
conquered until effective methods have been devised for treating sensitized Rh- 
negative Avoraen so that they are capable of beai’ing normal Rh-positive infants. 
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laboratory methods 

STOJUCH-TUBE FEEDING OP SJIALL LABORATORY ANIMALS 

A Simple “Hairpin” Gag Insuring Sape .ind Rapid 
Intubations by a Single Person 

David Lehr, M.D. 

New York, N. Y. 

ATory "'“sured amounts of a drug to labora- 

feeding of B L H s ‘’>‘= 

almost univorsailY mod Ai 7 

nnla (made from7? ‘“vcstigators substituted a simple metal can- 

This elimiuatenhp no 

needle eould aiot L T f ‘he 

Pnooess of insertion 7d ‘’"""S the 

aetal cannula 77 7 Fen-iP proposed a similar 

'nd. for thrfeediim o^r soldering a brass knob to its 

“ice and even snm^ll 7’*® Procedure works well in 

eulties in Ldin^ f„n ' ’ '7 operator will encounter diffi- 

M 4 "' “• i™ 

‘“ak^Lror'^”'’® f adopted today in most research laboratories 

catheter =.‘ Th fS “ aa»tral hole for the gum elastic 

ahscures tl,» drawback of this instrument is that it completely 

has to be guid77"T “7^® Pharynx, so that the stomach tube 

countered f’y rather than by sight. Thus difficulty may be en- 

To overn., attempts to pass the stomach tube above the animal’s tongue 
hctween th”* obstacle, the tongue has to be forced and held forward 
“put well L “““ *''® “‘“““Fs lower jaw. This requires that the gag be 
also be rot 77 **'? f**® ®f insertion and usually 

hand Th' around its long axis counter clockwise when held with the right 
«'ood'enn7\f™“®®.'®.‘™® consuming and, because of the crude shape of 
Slina 1 L- L • iiicoiy to hurt the animal and to stimulate violent strug- 

this is J 4 “®y result in abrasion wounds of the gums. Obviously 

particularly undesirable if repeated intubations have to be carried out. 

proved •7*'**® *^^.®®® difficulties, a simple instrument was devised which has 
of stomo continuous use in many thousands 

It consi .®®7o® feedings of albino rats performed by my associates and me.= 
of which ^ n piece of strong wire shaped in the form of a hairpin, the end's 
of this h ®. metal bar. A metal rod, attached to the opposite side 

support fixation of the "hairpin” gag to a standard laboratory 

j ' dimensions and proportions of the instrument are evident from 
which also illustrates stomach tubes of various sizes and makes. The 

‘^'■enue'^^apj’^lJepartment of Pharmacology, New York Medical College, Flower and Fifth 
Ileceived for publication, July 2, 1945. 
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gadget can be easily improvised for temporary use liy forcing the branches of 
a strong hairpin into a cork stopper, which rests in a double jawed clamp. 
Without fixation and with appropriate increase in size, the instrument will 
serve with advantage for larger laboratory animals. 



Fis. 1. — From left to right: “hairpin" gag, metal syringe adapter, soft rubber tube, silk 
rubber tube, silk rubber tube for small rats, metal cannula. 

Before intubation, the rat is easily and quickly immobilized by wrapping 
it comfoi'tably in a small towel (size of a large napkin, folded once) in such a 
way that the escape of the front limbs is prevented, whereas the head and 
neck remain free. The wrapping is best aecomplished in the following man- 
ner: the folded towel, with the folding line pointing cranially, is placed over 
the animal’s back not including the head; the rat is then grasped through the 
towel with the left hand and lifted into the air, while the right hand guides 
the left free end of the towel ventrally over the front legs, thus forming a 
“funnel” with its narrowest cireumfei’ence around the animal’s neck. Fixa- 
tion of the toAvel at the neck is achieved with the help of a large artery clamp 
which is gently closed over the towel so as to include a part of the fur between 
its ends. This manipulation takes only a few seconds in actual performance. 

The rat is now grasped firmly at the back of its head just behind the ears 
with the thumb and forefinger of the left hand, while the back of the middle 
finger presses against its vertebral column, thiis enforcing extension of the 
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liead and slight opening of the mouth. This grip completely immobilizes the 
animal. The towel, hanging like a cloak around its body, prevents scratching 
or violent movements. Under slight upward pressure maintained by the left 
hand throughout the intubation, the jaws of the rat can now be readily slid 
on sideways over the narrow end of the “hairpin.” 



Fla. 2. — stomach-tube feedlnc with assistance. 


' As is apparent from Fig. 2, fixation of the gag to the laboratory stand is 
carried out in such a way that the plane determined by the triangular device 
forms an angle of about 45 degrees with the horizontal. The wedgelike shape 
of the instrument allows good adjustment to the size o t e aiiima s mou . 
With the rat in feeding position, all structures of the mouth are exposed and 
clearly visible. „ , , ,, 

The syringe, ■ containing the desired amount of rug, an e a 
stomach tube are now grasped with the operator’s right hand and without 
using force the tube is gently guided downward above the ammal s tongue 
(S’ig. 2) until its length is lost in the digestive tract and mouth; the plunger 
of the syi-inge is then forced down. The entire procedure can be carried out 
with remarkable speed and safety and with a muiimum of discomfort to the 
animal. 

The stomach tube is best made from the head part of a ^ench ureteral 
silk woven or .x-ray. catheter which is cut off so as to contain the rounded tip 
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A COJIP^UIISON OP THE EESULTS OBTAINED WITH THE HANGER 
CEPHALIN-CHOLESTEROL FLOCCULATION TEST ^IND THE 
MACLAGAN THA'AIOL TURBIDITY TEST IN PATIENTS 
WITH LIVER DISEASE 

C. »I. WaTSOX, AI.D.,* illNNKAPOLIS, AIlXX., AXD Captaix E. 31. R.vpp.vport, 
AIkdical Corn’s, Ar.ma' of thk United States 

With the Technic, il Assistaxce of Violet Hawkixsox and 
JIargabet Gif.bf.xii,\ix 


j\yl ACLAGAN has recently reported a stud}- of the beliavior of various human 
IVl sera with a buffered thymol solution.'’ ' This study was based upon the 
concept that globulins are precipitated more or less readily by phenolic com- 
pounds. Jlaelagan referred specifically to phenol as in the Pandy test and to 
cholesterol in the cephalin-cholestcrol flocculation test of Hanger.' It was 
found that other phenolic compounds did, in fact, precipitate globulin. Thymol 
was the most satisfactory of any of a number tried. Employing a saturated 
aqueous solution of thymol buffered with barbitone and sodium barbitone to a 
pH of 7.8, Jlaelagan found that essentially the same results ivere obtained with 
various normal and pathologic sera as with the colloidal gold test, in which 
the detection of increased amounts of globulin depends upon precipitation of 
the gold. The turbidity occurring in abnormal sera when brought together 
with the buffered thymol solution was shown to be due to precipitation of a 
complex containing protein, thymol, cholesterol, and a phospholipid of lecithin 
type. Maolagan measured the degree of turbidity by comparing the solution 
after one-half hour with the formazin standards devised by Kingsbury and as- 
sociates' and used for many years in the rough quantitative determination of 
protein in the urine. Using this method, Maclagan found that normal sera 
ranged from 0 to 4 units. 


Number of units 


Standard tube rcaJipg x final dilution of serum stami. 

600 ~ ' 


ard dilution being- 1 to CO (O.Oo c.c. of scrum and 3.0 c.c. of the buffered thymol 
solution) 


In 120 of 130 cases of hepatitis (stage of disease not given), significantly posi- 
tive values above 4 units were observed. The same was true in all of thirteen 
rases of cirrhosis of the liver. However, in thirty-seven cases of jaundice due 
to c.\trahepatic biliary obstruction, only three exhibited values above 4 units ; 
these were in the 5 to 7 range. 

Assuming that Jlaelagan 's thymol turbidity test was to provide essentially 
the same information as the cephalin-eholesterol flocculation test of Hanger, it 
would offer a number of important advantages, including (1) an easily pre- 
pared stable solution containing weighed amounts of pure chemicals, (2) eom- 
Pletion in one-half hour instead of forty-eight hours, and (3) a simple method 

From the Department of Medicine, DnlversUy of Minnesoto Hospitals, Minneapolis, 
and the Medical Service of the Schick General Hospital, Clinton, Iowa. 

Aided by tlie Joslah Macy, Jr., Foundation, New Tork City. 

deceived for publication, Sept. 24, 1345. 

’Civilian Consultant to the Surgeon General, War Department. 
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of estimating the degree of positivity. Although Maclagan implied that the 
basis of the thymol turbidity test is identical with that, of the cephalin- 
cholesterol flocculation, he did not present any data to reveal whether the 
results with the two methods are equivalent. 

The purpose of the present communication is to present data obtained by 
comparing the eephalin-cholesterol flocculation test and the thymol turbidity 
test as applied to various human sera. The cephalin-cholesterol flocculation 
test was performed according to Hanger’s method, employing Difeo* antigen. 
In carrying out the thymol turbidity test, 0.1 c.e. of serum was diluted to 6 c.e. 
with the thymol buffer solution, rather than 0.05 to 3, as according to Mac- 
lagan; in other respects the procedure wms identical. The turbidity of' the 
final solution is estimated by comparison with Kingsbury’s standards.^ These 
consist of ten tubes with degrees of turbidity corresponding to a range of from 
10 to 100 mg. Prepared tubes obtained on the markett have been found to l)e 
satisfactory except that the only concentrations included above 50 mg. per 
cent are the 75 and 100 mg. per cent tubes. This requires that sera producing 
turbidity greater than that of the 50 mg. per cent tube must be diluted further. 

The data which wiU be considered are based upon 252 Hanger and Mac- 
lagan tests carried out on samples of blood serum from 145 individuals and 
may be divided as follows ; 


GROUP 

NUMBEB OP 
INPIVinUALS 

NUMBER OP 
TESTS 

I — Presumably normal adults 

31 

31 

II — Hepatitis 

60 

154 

III — Cirrhosis and subacute atrophy 

IV — Estrahepatio biliary obstruction 

13 

19 

Calculous 

5 

5 

Cancer 

6 

S 

Stricture 

1 

1 

V — Hepatic carcinomatosis 

4 

4 

VI — ^Inoculation malaria 

6 

10 

Vn — ^Miscellaneous 

18 

20 


In this study the diagnosis was based on clinical features alone in the 
patients in Groups I, H, and VI, while in those included in Groups III, IV, and 
V the diagnosis was established either at operation or autopsy, or by means of 
liver biopsy. 

BBSULTS 

The data are sho^vn in Tables I to VII, inclusive. It is seen that, in the main, 
there is a distinct correlation between the two tests. If one accepts Maclagan ’s 
value of 4 units for the upper limit of a negative test and, similarly, for the 
Hanger test a value of a trace for twenty-four hours or 1 plus for forty-eight 
hours, twenty-seven instances are found in the present data in which one test 
was positive and the other negative. In other words, there was agreement in 225 
of 252 tests, or 89.3 per cent, on the arbitrary basis just mentioned. The 
twenty-seven instances of disagreement are brought together in Table VIII. It 
is seen that the majority of these are borderline. In the patients with hepatitis 
the discrepancies noted were of little moment as they were associated with 
transitions in the course of the disease either toward recovery or relapse, 
'usually the former (see Table H). In each instance the trend of each t^st and 
the information gained were essentially the same. 


•Dlfco Ijiboratories, Ina, Detroit, 'M'loh- 
tStandard Reagents Co.. Philadelphia, Pa. 
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3Iore serious discrepancies are encountered in Groups IH, IV, and V, as 
noted in Table VIH. In both cases of subacute atrophy distinctly positive 
Hanger tests with negative thymol turbidity were exhibited. A discrepancy 
was noted in but one of the eleven, cases of cirrhosis, and it is perhaps of some 
interest that this was the only example of “alcoholic'’ cirrhosis in the group. 
The other cases were of unkno^vn etiology or represented transitions from 
infectious hepatitis, cases which have been referred to as “cholangiolitic cir- 
rhosis.”^ As noted in Table III there was also one example of hemochromato- 
sis and one which was first thought to represent the so-called xanthomatous 
biliary cirrhosis; however, at autopsy the latter was shown to be only an 
ordinary portal cirrhosis.® 

But ten eases of proved cancer are represented in the series and it is 
interesting that there were varying discrepancies in six of these, as given in 
Table VIH. A rather remarkable reversal in Case 6 (Group IV) occurred 
within a period of three weeks. The significance of thi.s is not at all clear. 

.tlmong the 89 per cent in whom both tests were positive, according to the 
arbitrary division referred to in the foregoing, many instances of poor quan- 
titative correlation were encountered; for example, sera exhibiting a 3 plus, 
I plus Hanger test with but 5 nr fi units of thymol turbidity. Conversely there 
are a number of examples of a 2 plus, 3 plus Hanger test with 10 units or more 
of thymol turbidity. Case 14 in Group n. hepatitis (Table II), illustrates the 
type of variation in relative discrepancy that may be encountered especially 
when serial tests arc being performed. The first result in this case was a 
Hanger test of 1 plus, 2 plus, and a JIacIagan test of 30 units; sixteen days 
later the Hanger test was 2 plus, 3 plus and the Maclagan test was 8 units. In • 
Cases 55 and 56, in the same group, it is seen that at certain periods Hanger 
tests of 3 plus, 4 plus and llaclagan tests of 5 units were observed. Other and 
similar lack of quantitative correlation is frequently observed in the tables. 


3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 
ir 
18 

19 

20 
21 


23 

24 

25 

26 

27 

28 

29 

30 

31 


Table I, Grouj* I—PrvESCJtABLY Normal Adults 


IIAKGER TEST 

24 HR. 

~0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


48 HR. 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Trace 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


MACLAGAN TEST 
rN UNITS 
2 
2 

3 

3 

4 
3 
3 
.3 
1 
1 
1 
1 
1 
1 
1 
I 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1 ' 

1 • • 
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Table II. Group II — Hepatitis 






MAC- 





aiAC- 





LAGAN 





LAGAN 



HANGER 

TEST IN 



HANGER 

TEST IN 

CASE 

DATE 

24 HR. 

48 HR. 

UNITS . 

CASE 

DATE 

24 HR. 

48 HR. 

UNITS 

I 

2/10 

0 

1+ 

4 

16 

2/16 

3+ 

'4+ 

10 


2/17 

1+ 

1+ 

5 


2/19 

3+ . 

4+ 

12 


2/25 

1+ 

2+ 

6 


2/21 

2+ 

3-f 

10 


3/ 3 

1+ 

2+ 

6 


2/26 

2+ 

3+ 

7 


3/ 5 

2+ 

3+ 

8 







3/ 7 

2+ 

3+ 

9 

17 

2/16 

3+ 

4f 

8 


3/19 

2+ 

2+ 

7 


2/21 

2+ 

3+ 

9 







3/3 

3+ 

3+ 

9 

2 

2/20 

0 

0 

1 


3/19 

1+ 

1+ 

6 , 


2/27 

0 

0 

4 

IS 

3/1 

3/10 





3/3 

0 

0 

2 

2+ 

3+ 

4+ 

8 

10 

3 

2/19 

0 

0 

3 


4/3 

2+ 

2+ 

7 


2/21 

0 

0 

4 


4/9 

1+ 

1+ 

5 


3/17 

0 

0 

2 

19 

2/26 

0 


4 

•1 

2/16 

0 

1+ 

5 

i 

2/28 

0 


2 


.3/13 

0 

0 

2 

20 

3/3 

0 

0 

3 


3/17 

0 

0 

3 






3/23 

0 

0 

2 

21 

2/22 

1+ 

1+ 

5 







2/27 

1+ 

1+ 

5 

5 

3/16 

0 

0 

4 


3/3 

1+ 

1+ 

4 


3/20 

1+ 

1+ 

6 

22 






3/29 

0 

1+ 

5 

3/20 

0 

0 

3 


4/2 

0 

0 

4 


3/21 

0 

0 

2 

6 

2/16 

1+ 

1+ 

0 

23 

2/20 

0 


3 


2/19 

3/10 

1+ 

0 

2+ 

1+ 

6 

5 

24 

2/21 

0 


2 


3/15 

0 

0 

4 

25 

2/15 

0 

0 

3 


3/29 

0 

0 

3 


2/17 

0 

0 

2 

7 

3/20 

0 

0 

3 

26 

2/26 

2+ 

3+ 

8 







3/6 

1+ 

1+ 

7 

8 

2/22 

0 


4 


3/12 

0 

0 

4 


3/31 

0 

0 

3 


3/17 

0 

0 

3 

0 

3/16 

1+ 

2+ 

7 1 

27 

2/20 

3+ 


8 


.3/29 

1+ 

2+ 

6 


2/27 

1+ 

2+ 

7 ■ 


4/4 

1+ 

1+ 

5 


3/6 

1+ 

2+ 

6 . 


4/9 

0 

1 + 

5 


.3/10 

' 0 

0 

3 

10 

») /OO 

0 


4 

28 

2/26 

1+ 

1+ 

3 

3/5 

0 


o 


.:/13 

3/15 

0 

0 

0 

0 

3 

o 

11 

.3/29 

0 

0 

3 

29 

3/6 

0 


3 

12 

2/22 

3/3 

0 

0 


3 

2 

30 

3/9 

0 

0 

3 

13 

2/15 




31 

4/9 

0 

0 

4 

1+ 

1+ 

5 


4/12 

0 

0 

3 


2/26 

1+ 

1+ 

4 




3/5 

0 

0 

3 

32 

3/6 

1+ 

2+ 

5 


3/14 

0 

1+ 

4 


3/15 

1+ 

2+ 

7 


3/16 

•1+ 

1+ 

5 


3/17 

2+ 

3+ 

8 


3/19 

0 

1+ 

5 

33 

3/8 

0 

0 

O 

u 

14 

2/5 

1+ 

2+ 

10 

34 

2/26 





2/10 

2+ 

3+ 

10 

0 


4 


2/21 

2+ 

3+ 

S 


3/3 

0 


o 


2/23 

2/27 

1+ 

1+ 

2+ 

2+ 

8 

7 

35 

3/5 

0 


3 


3/3 

2-r 

2+ 

7 

36 

3/1 

0 


3 


3/9 

2+ 

3+ 

7 





3/16 

2+ 

3+ 

8 

37 

2/22 

1+ 

1+ 

6 

15 

3/S 

2+ 

3+ 



3/1 

0 

0 

4 

9 


3/3 

0 

1+ 

5 


-.3/10 

2+ 

3+ 

10 


3/5 

1+ 

1+ 

5 


3/14 

2+ 

2+ 

7 


3/19 

0 

0 

3 


3/19 

0 

0 

4 





3/28 

0 

0 

3 

38 

2/22 

0 


2 
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MAC* j 





MAC- 





LAGAN 





LAGAN 



HANGER 

TEST IN j 



HANGER 

TEST IN 

CASE 

D.\TF. 

24 iin. 

48 HR. 

UNITS ! 

C.tSE 

D.\TE 

24 UE, 

4S HR. 

UNITS 

39 

3/19 

0 


3 j 

49 

3/S 

3+ 

4+ 

9 







3/19 


3+ 

5 . 

40 

3/3S 

0 


3 1 


3/21 

3+ 

4+ 

7 







4/23 

0 

0 

2 

41 

2/22 

0 


" 1 

50 

6/2 

1+ 

2-i- 

4 

42 

6/13 

6/20 

.3+ 

2+ 

4+ 

.'1+ 

10 1 
7 1 

51 

6/20 

3+ 

4+ 

S 


I/O 

2+ 

3f 

12 

52 

6/n 

2+ 

2+ 

7 







6/18 

1+ 

2+ 

5 

43 

6/20 

2+ 

3+ 

6 I 






6/27 

*’+ 

3+ 

7 

o.l 

3/16 

3+ 

4+ 

7 

44 

7/0 

3+ 

3^ 

ir. 

54 

3/7 

1+ 

2+ 

6 

43 

• 7/11 
6/27 

3+ 

24- 

4-*“ 

3+ 

15 

16 1 

55 

3/S 

3/14 

3+ 

4-1- 

34- 

5 

2 



21“ 




3/36 

3+ 

4+ 

3 



l^- 

1+ 

24- 

2f 

15 


4/23 

0 

1 

2 

46 . 






4/10 

3+ 

4f 

5 

6/2 

0 

Truce 

I 

j 56 

4/12 

24- 

3+ 

5 







0 

Trace 

2 

47 

3/32 

3+ 

4-t- 

6 




3+ 

8 


3/18 

3+ 

4-»“ 

10 

1 5? 

4/21 

2+ 


2+ 

27- 

7 


4/25 

2+‘ 

2+ 

5 ' 



1+ 

0 

14- 

o 

4 

oft 

4/10 

2+ 

3+ 

5 

4S 

1/25 

2* 

3+ 

8 

59 

0/16 

H- 

1+ 

2 


3+ 

4+- 

0 

60* 

4/30 

0 

Trace 

4 


•PostarsphcnamJne. 


Table III. Grow XU— Ommosib a.nb Subacute Atrophy 


— — — MACCAOAN 

HANGER TEST TEST IN 

CASE DATE 24 HR^ 43 ItR. UNITS 


1* 


3+ 

2t 

5/16 

Trace 


5/31 


3 

5/29 

3-^ 

4 

6/11 

0 

5 

5/18 

Si- 


S/23 

Si- 


5/25 

3+ 


5/28 

3-»- 


7/11 

8/24 

2-b 

6 

6/12 

1+ 

7 

1/29 

0 

8 

2/9 

3-f 

9 

7/25 

1+ 

10 

8/17 

2i- 

11 

8/20 

4+ 

121 

C/9 

2+ 

13$ 

4/19 

3+ 


nnj- hypercholeaterolemla and 

evidence of so-called xanthomatous hlliary cirrhosis. 


4i- 

10 

1+ 

1 

l-i- 

1 

4+ 

12 

1+ 

3 

4+ 

13 

4+ 

12 

4+ 

12 

4+ 

14 

3+ 

24 


30 

2+ 

3 

1+ 

5 

4+ 

7 

U 

8 

3-t- 

2 

4+ 

16 

3* 

1 

3-f- 

2 


revealed Laennec cirrhosis with- 


tHemochromatosls. 


tSubacute atrophy. 
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T.vBtE IV. Group IV—Extr.uibpatic Biliary Obstbuctjox 



CASK 

r>ATE 

UANGEr. TEST 

24 HR. ' 48 HR. 

MACIjAG*\N 

TEST IN 

UNITS 

Cancer 

1 

V8 

0 

0 

3 


2 

5/lG 

1+ 

2+ 

1 


•S 

6/6 

0 

0 

1 


•I 

1/23 

Trace 

1 + 



5 

1/25 

2+ 

3+ 

7 


0 

6/22 

0 

Trace 




7/2 

0 

1 + 

5 



7/24 


4+ 

1 

Calculous 

7 

5/2 • 

Trace 

Trace 

1 


s 

.3/17 

0 

0 , 

3 


0 

7/12 

Trace 

1+ 

1 


10 

7/2 

0 

Trace 

1 


11 

7/1 .S 

0 

0 

1 

Stricture 

12 

5/30 

0 

0 

1 


T.iblb V. Group V — Hepatic Carcixohatosis 


CASK 

UATK 

HANGER TEST 

24 HR. 4S HR. 

MACEAGAN 

TEST IN 

UNIT.S 

1 

1/30 

1+ 

2+ 

3 

2 

3/16 

2+ 

3+ 



.3/10 

1 + 

2+ 

3 

4 

8/6 

1 + 

2+ 

2 



Taboe VI. 

Gkocp n— 

-INOCUL.VTION 

AhVLARIA 


case 

CHIEES 

DATE 

HANGER TEST 

24 HR. 48 HR. 

MACLAGAN 

TEST IN 

UNITS 

1 

Before 


0 

0 

2 


HurinR 

2/20 

3+ 

4+ 

5 

2 

Before 

1/2 

0 

0 



During 

1/10 

2+ 

3+ 

7 

3 

During 

1/11 

3+ 

4+ 

8 


During 

1/24 

3+ 

4+ 

14 

4 

During 

12/23 

3+ 

4+ 

7 


After 

1/23 

1+ 

2+ 


5 

After 

1/23 

0 

0 

2 

6 

After 

1/30 

0 

0 

2 


DISCOSSION 

The present results indicate quite clearly that the underlying basis of the 
Hanger and Maclagan tests is not identical. j^Uthough an agreement was noted 
in 89 per cent of the tests, it is recognized that discrepancies in degree of 
positivity were frequent. Such discrepancies preclude any general substitu- 
tion of the Maclagan for the Hanger test, at least in so far as routine use for 
differential diagnosis is concerned. The present study indicates that the Mac- 
lagan test is probably more often negative than the Hanger test in patients 
with serious diffuse liver disease, such as subacute yellow atrophy and certain 
forms of cirrhosis. Further study may reveal that certain forms of cirrhosis 
are more likely to exhibit negative thymol turbidity and positive cephalin 
flocculation. It has already been noted that the only case in the present series 
in which this was observed was one of alcoholic (fatty) cirrhosis. The present 
data suggest that the thymol turbidity test is more often negative and hence 
less likely to offer confusion in diagnosis in cases of hepatic or biliary tract 
cancer. In so far as the hepatitis problem, is concerned, the present data reveal 


HANGIvR AND MACLAOAN TESTS IN UNT.R DISEASE 


9S0 


TaDIA: Vir. Cjirtl'l* Vir — XflRCKM^VSKOUS 


MACLAGAN' 


CASK 

CONDITION* 

DATE 

HANGER 
24 11« 

TEST 

48 an. 

TEST IN 
UNITS • 

1 

infectious mononucleosis 

3/Jii 

3/iiO 

u 

2+ 

3+ 

3+ 

1 

0 


Hepatic vein thrombosis 
(polycythemia) 

1/23 

1^- 

2+- 

3 

3 

Pneumonia and empyema 

1/22 

Trace 

U 

2 

4 

. Cholelithiasis 

:t/7 

0 

0 

3 

5 

Tuberculous peritonitis? 

'i/7 

Tnn-e 

If 

3 

1} 

Pneumococcus pneumonia uifU 

4/20 

0 

n 

4 


jaundice and numerous 
' spider nevi 

3/2 

l> 

0 


7 

Hemolytic iaundice 

()/ir> 

2*^ 

n+ 

2 

8 

Rheumatoid arthritis 

r,/2i; 

fl 

0 

3 

9 

Hypochromic auemia 

»5/lN 

li- 

2+ 

3 

10 

Inferior vena cavia tliromUi.sJs 
(metastatic caucerf) 

i>/lf* 

2+ 


10 

11 

Hypcrcholesterolcnua 

r.'is 

0 

1) 

1 

12 

Hemolytic jaundice 

l/Ut 

]* 

U 

3 

13 

Pancreatic adenoma 

7/21 

n 

0 

1 

14 

T*tubo drainage of comnum 
duct 

s/6 

0 

n 


IJ 

Cholelithiasis 

S/22 

0 

Trace 

3 

16 

C.N.S. sypidlis 

1/2-1 

Traeo 

3 + 


17 ' 

C.N.9, syphilis 

:i/v 

0 

1+ 

2 

is 

C.J7.8. syphilis 

1/16 

0 

Truce 

1 


TADLK VIII. DlSACRUEXlEXT BKTn-fEN TESTS 


Uroup II— Jfi!patiti.H 


Gi^oup III— Cirrhosis 


Subacute atrophy 


^foup IV— Biliary obstruction 
(caucer) 

^'foup-V — Hepatic carcinomatosis 


Group VI — Inoculatiott malaria 
(after fever) 

Group VII — Miscellaneous 

Infectious mononucleosis 
Hepatic ■vein thrombosis 
Hemolytic jaundice 
Hypochromic anemia 
— Hemolytic jaundico 


UAKCEU TUST 

CASE 24 HR. 48 IfR. 


4 

0 

1+ 

0 

0 

If 

0 

0 

If 

9 

0 

If 

13 

0 

If 

21 

1+ 

If 

28 

if 

1+ 

37 

0 

If 

oO 

1+ 

2+ 

59 

1+ 

If 

6 

1+ 

2+ 

7 

0 

If 

10 

2+ 

3f 

33 

2+ 

3f 

13 

3+ 

3f 

2 

If 

2+ 

(j 

0 

If 


3f 

4f 

1 

If 

2f 


2+ 

3f 

3 

1+ 

2f 

4 

If 

2+ 

4 

If 

2f 


1 

1+ 

2f 

o 

If 

2+ 

2 

2f 

3f 

9 

If 

2f 


1+ 

If 


IIACLAOAN 

-TEST IN 
UNITS 
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that the Maelagan test is fully as useful and reliable as the Hanger test once 
the disease is well established and during its defervescence. We have not had 
opportunity to compare the tests during the preicterie or prodromal stage. ' It 
is quite possible that the Hanger test may become positive earlier than the 
Maelagan, especially if the present results in the tAvo cases of subacute atrophy 
can be correlated Avith the evidence of early diffuse hepatocellular injury in 
infectious hepatitis.'^ This question should be studied at the earliest possible 
moment since the Maelagan test, if equally reliable in the early stage of the 
disease, is much easier to use on a large scale; for example, during an epidemic 
Avhen extensive screening for early cases is much to be desired. 

Because of its relative simplicity and rapidity, the Maelagan test can cer- 
tainly be employed to good advantage as a routine procedure ; the Hanger test 
may be reserved for eases in Avhich the diagnosis is still in doubt, or Avhere the 
result of the Maelagan test disagrees Avith other procedures such as the one- 
minute and total serum bilirubin,® the urine Ehrlich test for urobilinogen,® and 
the 5 mg, per kilogram forty-five minute bromsulfalein test.'® The Maelagan 
test is also very helpful for serial usage Avhere it has once been shoAvn to be 
positive, as in cases of hepatitis. In other Avords, it has considerable value in 
folloAving the course of the disease in any particular instance. 

As noted at the outset, Maelagan believed that the thymol turbidity is due 
to a globulin-thymol-lipid complex and that the test gives essentially the same 
results as the coUoidal gold procedure Avhich has been used in the study of 
liver disease. The earlier studies of Hanger and his associates likeAvise impli- 
cated a globulin, that is, the gamma globulin, as the important factor in the 
eephalin-eholesterol flocculation." Very recently, hoAvever, Hanger and co- 
Avorkers'® described evidence indicating that an alteration in character of the 
serum albumin must be present, together Avith an increased globulin, before 
flocculation Avill take place. The addition of normal albumin to sera high in 
globulin content Avas found to prevent flocculation. This may Avell constitute 
an essential difference betAveen the mechanisms of the Hanger and Jlaclagaii 
tests, a difference Avhich Avould readily explain the discrepancies noted in the 
present study. Such a difference might also explain the positive Hanger and 
negative Maelagan tests exhibited by normal sera of dogs and other species.® 

SUM5IARY AND CONCLUSIONS 

1. The Hanger eephalin-eholesterol flocculation test and the Maelagan thy- 

mol turbidity test have been compared on 252 blood sera from 145 individuals. 
Thirty-one of these subjects Avere believed to be normal, Avhile sixty (154 tests) 
Avere suffering from infectious hepatitis. In accordance Avith the previous 
findings of Hanger and Maelagan, the values in the noimals did not exceed a 
trace (24 hr.) or 1 plus (48 hr.) for the cephalin flocculation or 4 units for the 
thymol tui’bidity. ' 

2. Employing this as an arbitrary dividing line between positive and 
negative, an agreement of 89.3 per cent Avas noted. The majority of the 10.7 
per cent , of discrepancies betAveen positive and negative Avere bordei'line and, 
in the hepatitis group especially, Avere not serious. In the eases of cirrhosis, 
subacute atrophy, and cancer, hoAvever, several serious discrepancies Avere en- 
countered. In addition, a number of marked discrepancies in degree of posi- 
tivity Avithin the 89 per cent of correlation Avas observed. 

3. It is evident that the underlying mechanism of the tAvo tests is not 
identical and that the Maelagan test cannot be used interchangeably Avith, or 


'Personal communications from Dr. F. M. Hanger and Dr. S. Schwartz. 
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as a complete substitute for, the Hanger test. Because of its simplicity, stabil- 
ity of reagents, and rapidity, it can be used to advantage for serial observa- 
tions 'where the diagnosis has been established, as, for example, in cases of 
infectious hepatitis. Information is needed as to the relative behavior of the 
tests in the prcieteric or prodromal stage of this disease. 

4. The Maclagan test can also be used to advantage in the differential 
diagnosis of jaundice or liver disease, as long as its limitations are recognized. 
The present study indicates that a strongly positive test is just as indicative 
of liver injury or disease as is the Hanger test and that it may prove to be. 
more uniformly negative in cases of jaundice due to biliary tract cancer and 
iu cases of hepatic cancer with or without jaundice. Conversely, it appears 
that the Hanger test is more often positive in cases of cirrhosis or subacute 
atrophy. Additional data are needed to determine this point and to reveal 
>Yhether the thymol turbidity test is more likely to be negative in one type of 
cirrhosis than another. 
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ANTIGENIC PROPERTIES OF VARIOUS LIPOIDS FROM BEEP HEART 

Hugo Hecht, Jf.D. 

Oeevel-vnd, Ohio 

INTRODUCTION 

A ll efforts to make the serodiagnosis of syphilis absolutely infallible and 
. perfectly specific have failed up to the present time. Nearly forty years 
of research liave made it clear that there is still a discrepancy between the 
different methods with regard to sensitivity and specificity. The Washington 
Serology Conference (1941) tried to evaluate the older and also some of the 
more recently published Ameidean methods. The findings were not uniform; 
Jilahoney^ attributed the discrepant results to “the different sensitivity of the 
tests; to the wealoiess in the test mechanics when the concentration of the react- 
ing substance is in the region of the threshold of the test; to the presence of 
certain factors which have the power of deteimining the test or tests which may 
yield a positive reaction .while others are negative. ’ ’ Not one of the thirty-one 
separate procedures was absolutely specific for syphilis. 

Only Hinton flocculation and the Mazzini complement fixation procedures 
gave entirely negative results with sera from patients with malaria. But not 
one of the thirty tests was reliable when used with sera from patients "with 
leprosy. Relatively, the best were the Mazzini complement fixation test (spec- 
ificity 86.2 per cent) and the Boerner-Jones-Lukens simplified complement fixa- 
tion test (83.7 per cent). 

To the many recognized diseases of nonsyphilitic origin which sometimes 
give a positive syphilitic reaction, the following have recently been added: 
hyperproteinemia (Cardon and Atlas-) and immunization against various dis- 
eases (Arthur and Hale,^ Kahn and associates, ■* Lubitz,® and Rein and Elsberg®). 
The question of the so-eaUed false positive reaction is still under discussion and 
unsolved. Actually a false positive reaction does not exist. There is a positive 
reaction in patients without syphilis (nonspecific) and there is a positive reaction 
due to a technical error in a nonsyphilitic person. The latter will become neg- 
ative when repeated; the former will stay positive. There is, therefore, abimdant 
reason for maldng further attempts to reduce the number of nonsyphilitic posi- 
tive reactions. From the various ways of approaching this problem, one seems to 
be an improvement of the antigens. 

It is generally accepted that human serum contains more than one reagin. 
In an editorial, four types of reagins are described, 

1, The flocculating factor present in minute traces in many human sera, 

2. The “reagin” present in the occasional human serum in amounts suf- 
ficient to give a positive or doubtful test. 

3. The “reagin” elaborated in the coui’se of such nonsyphilitic diseases as 
leprosy, malaria, eowpox, and infectious mononucleosis. 

4. The “reagin” elaborated in the course of syphilitic infection. It can 
be added that the latter is composed of two kinds: (1) “reagins” against the 

From the Mount Sinai Hospital. 

Received for publication, Dec, 11, 1914. 
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spiroeiict.ll lipoids as proved through the specific value of Gaehtgens’* and 
Klopslock’s“ spirochetal antigen and (2) tlie mneh more numerous nonspecific 
"rcagins” wliicli arc detected with tlie commonly used beef licart antigens. 
Antigens arc of very complex nature. To divide them into various parts and 
test tlicir special action upon syphilitic and nonsypliilitic scr.i is the object of 
tile fallowing e.vperimcnts. 


TECHNIC-U. 1-BOCEUURE 

Experiment 1 . — Twenty grams of dried beef lieart ponder* were extracted 
twice with 200 c.e. of anesthesia etlier at 8“ (', After eviiiioration of tlie ether, 
tlie residual lipoids wore divided into acetone-soluble and acetone-insoluble frac- 
tions by dissolving them in 500 c.c. of acetone at 50° C, Each of these was 
extracted with petrol ether at room temperature, yielding .in acetone-soluble- 
pctrol etlier-insoluble fraction (E 1), an aeetone-solublc-pctrol ether-solubie 
fraction (E 2),. an aectone-insolulile-pctrol cthcr-insolublc fraction {E 3), 
and an acetone-insoliiliic-petrol eliier-siiliilite fraction (E 41. 


Ether ftolublo 

I 

Aeefono 


Soluble 
Petrol ether 


Inj4olubfc 

i 

Petrol ether 


lusolublo 

(El) 


Soluble 

{E2) 


lupoluble 

(E3) 


Soluble 

(B4) 


Remaining beef heart powder after extraction with ether was then repeat- 
edly and completely extracted with acetone at 50® C., and the acetone-solnblc 
fraction was divided into a petrol ether-soluble fraction (2) and a petrol ether- 
insoluble fraction (1) by dissolving it in 200 c.c. petrol etlier three times. The 
acetone-insoluble fraction was extracted three times with 200 c.c. petrol ether 
at room temperature (4) and the remaining acetone- and petrol ethcr-insolublc 
i*raction was dis.solvcd in absolute alcohol at .50® C. (3). 


Ether insoluble 

I 

Acetone 

SoIuWo ~~ ’ toTublc 

Pet J ether Petrol^ ether 

InsoluWo ^ iduble Insoluble Soluble 

(1) ' (2) (3) (4) 

The final antigen was prepared in the proportion 1 :200 with absolute al- 
cohol tvith the addition of 2 c.c. of 1 per cent cholesterol in alcohol to each 100 
<!.o. absolute alcohol. 

. Experiment 2 . — Without a previous ether extraction, 10 Gm, of dried beef 
heart powder* were extracted first with acetone and then tvith petrol ether to 
obtain an acetone-soluble-petrol ether-insoluble fraction (Ac 1), an acetone- 
soluhle-petrol ether-soluble fraction (Ac 2), an aeetone-insoluble-petrol ether- 
insoluble (Ao 3), and an acetone-insoinble-petrol ether-soluble fraction (Ac 4). 


Acetone soluble 

i 

Petrol ■ 
ether 

Insoluble Soluble 

__(Acl) ‘ (Ac 2) 

•Clfco Laboratories, Inc., Detroit, lUlch. 


Acetone insoluble 

Petrol 

ether 

^ It , 

Insoluble Soluble 

(Ac 3) (Ac 4) 
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Another 10 Gm.' of dried beef heart powder* were first extracted with petrol 
ether and then with acetone to get an acetone-soluble-petrol ether-insoluble 
fraction (Pe 1), an acetone-soluble-petrol ether-soluble fraction (Pe 2), an 
acetone-insoluble-petrol ether-insoluble fraction (Pe 3), and an acetone-insolnble- 
petrol ether-soluble fraction (Pe 4). 


Petrol ether soluble 


Petrol ether insoluble 


Acetone 

, > , 

Insoluble Soluble 

(Pe4) (Pe2) 


Acetone 

, 1 , 

Insoluble Soluble 

{Pe3) (Pel) 


As with the antigens in Experiment 1, these were dissolved in absolute 
alcohol in the proportion 1 :200 with the addition of 2 c.c. of 1 per cent choles- 
terol in alcohol to each 100 c.c. absolute alcohol. 

Antigens for Experiments 1 and 2 tvere stored for three months at room 
temperature before being tested. The tests were peiTormed using the active 
method (HeehP®) complement fixation technique. 

The proper titrated amount of the antigen is measured into a wide-mouthed 
bottle. A 10 c.c. pipette is introduced into the bottom of the bottle and the 
saline solution allowed to flow out very slowly so that the antigen will he raised. 
Then the bottle is placed in the incubator (37° C.) without shaking so that the 
overljdng alcoholic antigen can evaporate. 

The next day, after the alcohol has evaporated, the bottle is well shalcen, and 
the evaporated part is replaced by distilled water and the required amount of 
saline added to obtain the proper dilution. For example, if the dose of the 
antigen is 0.2 c.c. of 1:25 dilution in saline, 1.0 c.c. of antigen is taken and 
10 e.c. of saline is placed under it; the next day distilled water is added to 
make 10 e.c.; saline is then added to make a total of 25 c.c. 

The titration of the antigen must be made also with an alcohol-free emulsion 
prepared as described. 

The use of an alcohol-free antigen has two objects and advantages; first, to 
eliminate the damaging influence of the alcohol upon the complement and, sec- 
ond, to avoid the nonspecific precipitation of an alcoholic antigen when mixed 
with sera from patients Avith pneumonia, tuberculosis, and other febrile condi- 
tions. 

To (determine the sensitivity of the antigens, pooled sera were used as 
shown in Table I. 


Table I. Pooled Positive and Negative Sera Mixed in Various Amounts to Obtain a 

Medium Positive Serum 


POS. 

(ac.) 

serum 

(C.C.) 

NEG. 

BIAG. 

KLINE TEST 

CONTROL 

exclusion 

0.1 

1.9 

- 

+ + 

-f-^+ 

0.3 

1.8 


•f + -f 

++++ 

0.3 

i.r 

+,++ 

+ + + 

++++ 

0.4 

1.6 

4* + +' 

■f-f ■f'f 

-1+++ 

0.5 

1.5 

■i-+-f-+ 


++++ 


For the next test, the sensitivity test, a mixture of 0.3 c.c. syphilitic and 
1.7 c.c. negative serum were taken (Table II). 

After establishing the appropriate dilutions of the sixteen tested antigens, 
the sensitivity test was undertaken mth at least 30 sera from patients with 
various forms of S 3 rphilis and with other diseases as well as from normal 

•Ditco Laboratories, Inc., Detroit, Mich. 



(T£srED BESltJM. — KSJNB TtaTi Z>IA0MO8TlO +, + +; OOIttVOZ, -f + + ? EXCtPfilOK, +•*- + +> 


995 



■Kline fesuUs are recorded here In three columns; they reler to diagnostic, control vnO. exclusion tests, respectively. 
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patients. Examples are given in Table III. The antigen emulsions were used 
ill the dose of 0.2 c.c. of the evaluated dilution. 

According to their efficiency as syphilitic antigens, tlie sixteen aiitigous may 
be divided into four groups : 

1. The best antigeii.s were Pe 2 and Ae 2. each acetone-soluble-petrol 
ether-soluble fractions prepared without previous ether extraction. Ac 4, which 
is acetone soluble but petrol ether in.soluble, was nearly as efficient as Ae 2. 

2. Of medium value were Ac 1. E 2, E 1, and Ac 3, the three first mentioned 
bemg acetone soluble. They all had a tendency to react positively with sera 
from patients with nonsyphilitic diseases 

3. Tlio equally efficient antigens 2, Po 1, and Pe-J were not sensitive eiiougli 
and were nonspecific. 

4. The remaining six antigens were very weak and nonspecifie. (See Table 
IV.) 

The most important part in evciy serodiagnostic test for syphilis is the 
specificity. The more sensitive the tests became, the more tiicy approached 
the dangerous zone of nonspecific reactions. As shown in a previous paper,’"" 
every antigen has five zones depending upon the dilution- (1) only negative 
results with all sera, (2) syphilis positive, nonsyphilitic negative, (3) syphilis 
and other diseases positive, normal persons ncg.itivc. (4) all sera positive, and 
(5) self-inhibition. Only the second zone is specific for syphilis. 

Prom this viewpoint the sixteen antigens could be divided into four groups 
(the Roman figures indicate the position in the sensitivity table [see Table IV]) : 

A. Absolutely specific were Pc 2 (I). Ac 2 (II), .40 4 (III), 4 (XV), Pe4 
(X). 

B. Slightly nonspecifie were E3 (XVI), 3 (XITI), El (VI), Pol (IX), 
and Po3 (XII). 

C. Medium positive nonspecific reactions wore shown by E4 (XI), 1 (XIV), 
and 2 (VIII), with cord or uterine blood, Ae3 (Vll) reacted more with .sera 
from patients with diseases such as pneumonia, cancer. Icuccmia, etc. 

D. Nonspecifie reactions with all types of nou.syphilitic sera were shown by 
Acl (IV) and E 2 (V), the latter j-ielding the most and strongest of the non- 
specific reactions. 

The positive reactions with nonsypliilitic sera were usually stronger than 
the positive reactions with sera from syphilitic patients. It may be possible 
to aehievc with these uonspeeific antigens an inverac verification test. Further 
investigation on this interesting phenomenon is being carried out and a .special 
paper on the subject will soon be published. 

iiisonssio.x 

Since Wa.sscrmann, Ncisscr, .and Bnicfc first publislied tlicir test for sypli- 
iiis, a steady development in the preparation of antigens has taken place. Tlie 
"’atery emulsion of fine particles from .sj-philitie fetal livers was followed by 
an alcoholic e.xtractiou of tlie same organ. It was replaced by the whole al- 
coholic extraction of normal organs, usually heart muscle of beef or man. 
These antigeus were made more sensitive by adding cholesterol. Noguchi and 
I iiiirodueed the aeetoue-iiisolubie fraction of alcoholic extrac- 
tions of beef heart- as antigen. Similar antigens were prepared by Bordet and 
Hue]en.s,'= AVadsworth,” Kolnici',” and others. Sealtritti’’ used an alcoholic 
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solution of cadmium chloride to precipitate a certain group of lipoids. Through 
absorption gf tissue extracts on aluminum hydroxide and on rare earths, such 
as bentonite and floridin, Balbi"® tried to obtain a more specific antigen. 

Prom the chemical vie^vpoint, the most extensive investigations of “leci- 
thin-like substances of the myocardium” were performed by Erlandsen^’^ (1907). 
He recommended the abolition of the old conception of lecithin and replaced it 
with a new and more comprehensive one in which the phosphatides were divided 
into four groups: 

1. Monoamido-monophosphatide; the relation between nitrogen and phos- 
pholms is 1 ;1 ; it consists of lecithin and cepbalin. 

2. Monoamido-diphosphatide ; the relation between nitrogen and phos- 
phorus is 1:2; it consists of cuorin. 

3. Diamido-monophosphatide; the relation between nitrogen and phosphorus 
is 2:1; it consists of amidomyelin and sphingomyelin. 

4. Diamido-diphosphatide; the relation between nitrogen and phosphorus 
is 2:2; it does not e.xist in the myocardium. 

Ten years later (1917) Nejmann and Gager*® published a new method for 
mailing Wassermann antigens from normal heart tissue wliieh was partly based 
on Erlandsen’s analysis of the different phosphatides. In one experiment they 
extracted dried pulverized beef heart with ether, acetone, and alcohol. In an- 
other experiment they used, as starting material, tlie secondary alcohol extrac- 
tion and treated this with ether, acetone, and alcohol. They fotmd “that lecithin 
is the only substance of the primary ether extract that has any antigenic value, 
and that the most important substance, as regards antigenic value, occurs in 
the secondary alcohol extract and is a diamino-monophosphatide. ” 

Pangbom*® isolated a new serologically active phosphatide from beef heart 
by a special method of extraction. It was named cardiolipin and is essential 
for the reactivity of beef heart antigens in the serologic tests for syphilis. It 
is important to note that it must be prepared from fresh beef heart tissue by 
a complicated method : precipitation by BaCL from methyl alcohol extracts of 
tissue and successive pnrification over barium and cadmium salts. 

Pew of the mentioned phospholipides can be compared mth the fractions 
prepared by the method described in this paper. The antigens are not chem- 
ically pure but are a mixture of different phospholipids. For example, B 1 and 
E 2 can be compared with the B of Neymann and Gager, fats with slight amount 
of phosphatides and a complement fixating power of 1:1600; E3 can be com- 
pared slightly \vith the A of Neymann and Gager, which has no binding power. 
E4 is perhaps a combination of C (lecithin), D (cephalin), and E (cuorin). 
Of these, only C has the higher binding power 1 :800. 

Another approach to eliminate the nonspecific lipoids was made by the 
introduction of spirochetal antigens. Spirochetal antigens were first prepared 
by Hinltlemann,®® Gaehtgens,® and Klopstock.® At the 'Washington Serology 
Conference, two serologists (Eagle and Kolmer), used spirochetal antigens, but 
the results were not as satisfying as expected from previous reports by other 
authors. In a previous publication,®”® Klopstoek’s original spirochetal antigen 
was shown to be very good when it was used with heated sera. 

Extraction Avith peti’ol ether Avas first recommended by Klosteiman and 
Weisbach®® because it extracts less of the active substances. -They used it only 
as a preliminary extraction before making the real one and made no use of 
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the petrol other-soluble lipoids. The comparison of the petrol-soluble and -in- 
soluble lipoids shows that the sohibic ones also can be used successfully for 
diagiiosis of syphilis as shown in Tables I to IV. The slight preponderance of 
sensitivity of the antigen gained through a previous petrol ether extraction 
over the antigen gained through a previous acetone extraction means that the 
lirst-mehtioned procedure gives more elTieient lipoids in spite of the fact that 
the quantity is only about one-half (0.410 Gm.) of the amount gained by a 
previous acetone extraction (0.860 Gm.). 

The main difference between both procedures lies in the greater amount of 
acetone-soluble lipoids yielded by a previous acetone e-\traetion (1.020 Gm.) 
a.s against 0.637 Gm. with a iircvious petrol ether extraction. The amount of 
the acetone-insoluble fractions is almost identical. When the first extraction 
Mas made with acetone, 0.600 Gm. of the acetone-insoluble fractions was ob- 
tained; when petrol ether was used for the first extraction, 0.780 Gm. was gained. 

CONCLUSION 

1. The most effective fraction of the lipoids of dried beef heart is the, 
petrol ether-soluble one. 

2. The acetone-soluble fraction of petrol clbcr-soluble fraction is more sensi- 
tive than the acetone-insoluble fraction. 

3. Whether the extraction is first made with acetone and then with petrol 
other or reversed docs not make too much difference, but the former procedure 
■seems to yield a slightly superior antigen. 

4. A previous other extraction renders antigens of inferior value, the best 
of them (B 2 and B 1) occupying the fifth and sixth place in sensitivity and 
liaving very low specificity. 

5. The petrol ether- and acetone-insoluble fractions (Pe 3 and Ac 3) can be 
used to verify a nonspecific positive reaction inasmuch as they give a stronger 
positive reaction with nonsyphilitio sera than do the “specific” antigens. Syph- 
ilitic sera either do not render a positive reaction with these antigens at all or 
one much weaker than the “speeific” antigens. 
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A STUDY OP THE RELATIVE SENSITIVITY OP DIPPEBENT LOTS 
OP ANTIGEN EMPLOYED IN THE SEROLOGIC TESTS 
FOB SYPHILIS 

E. L. Webb, A.B., T. P. Sellers, M.D., anl Virginia Perkins, A.B. 

Atlanta, Ga. 

T he Kahn tests have been routinely employed in the laboratories of the 
Georgia Department of Public Health for many years. Antigens used 
have been either those prepared in our laboratory and corrected to standard 
requirements by Kahn’s laboratory or those approved by Kahn and purchased 
from commercial firms. 

Before a new lot of antigen was placed in use, it was run in parallel with 
the current lot of antigen on several series -of weak-reacting sera. In this way, 
•the relative sensitivity of the two antigens in routine work could be deter- 
mined. Some antigens compared quite favorably, while others showed more 
marked differences in sensitivity. 

If the level of sensitivity had gradually been lowered or elevated by suc- 
cessive antigens, then a new lot of antigen, with a reverse trend, would tend 
to restore the sensitivity approximately to the desired level. If the sensitivity 
of the test continued to be lowered or elevated beyond certain expected com- 
parable limits by a new lot of antigen, it caused concern, but the antigen was 
nevertheless used, since it had been appi-oved for a satisfactory sensitivity level 
by Kahn’s laboratory. 


From the Georgia Department of PubUc Health. 
UeceiveO for publication, Sept. 22, 1DJ5. 
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A Kahn antigen with an ohserved low sensitivity was plaeed in .routine use 
and was employed in the 1944 National Serology Evaluation Study. A poor 
rating in sensitivity, eompared to Kahn’s laboratory and to other tests employed 
in our laboratory on these speeimens, served as a stimulus for this study. 

Arrangements were made with one of the loeal venereal disease elinics to 
furnisli specimens of blood from patients receiving antisyphilitic treatment. 
Lists of names of patients who had given weak or moderate reactions by tlie 
current lot of antigen in routine use in onr laboratory were furnished to the 
clinic at weekly intervals. The clinicians secured from these patients, upon 
their next visit to the clinic, ample siieeiniens of blood and forwarded them 


to the laboratory. 

Seven approved Kalin standard antigens were secured for this study. 
Sources of these antigens arc listed at the conelusiou of this paper. 

Thu same technician performed all tests in parallel with all antigens. The 
specimens were examined in groups of five so as to conform to the time require- 
ments in the use of the antigen emulsions. ' Precautions were taken to circum- 
vent factors which might be responsible for differences in results. 

Antigen suspensions were prepared and used in numerical sequence begin- 
ning with antigen 1 in the first group of specimens, antigen 2 in the second 
group, and so on in rotation throughout the study, so that no antigen would be 
given any favored position. A separate pipette was used to introduce each 
antigen emiilsiou into the test tubes. 

The sera were introduced with a separate nondelivery pipette into all 
antigen emulsions in the same order that antigens were intro uee . “ 

serum was allowed to stand with its antigen mixture for the same lengtt of 
time, between three and ten minutes, before the tliree-minuto shalang period. 
Controls on each antigen were run with each group of specimens. 

The tubes for the tests were set up so that a separate rack 
test on each serum with all the antigens. The first set of tubes “ 
was diluted with saline and read immediately, an en *o 

in the numerical order of the antigens ^ fiiteen-minute 

racks were diluted and read in sequenee iii th 

reading was also made on all tests. ^ 

Some sera were found to give 3 or 4 plus reactions by all J’lcse 

results were excluded from the study. A quantitative test was performed on 
each of these sera and a dilution prepared which would ] 

for all antigens. The tests were repeated on these saline dilutions and 

, the results recorded. . „ , . , 

The results ou the 100 speeimens examined by tte Kahn standard test in 
this study are--iven in Table I, and the difference in sensitivity of the seven 
antigens Is sho™. The classification of the results from the tube readiugs is 

. the same as that used for routine saL h^ 

mendation of Kahn. Sensitivity percentages are caieu 
employed in the National Serology Evaluation Studies. 

DispersibUity of the P-cipitates b^|^een 00 ™^ 

rs&diuffs was mucli more pronounced witii so o j xi, i *• 

WgrerUuTeusiti™ty,'’e-’di‘bfted the greatest dispersibility, a drop of 21.5 per 
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Tabie I. EESui/rs Obtained on 100 Specsmens op Blood Examined by the Kahn 

Standard Test 



1 

2 

3 

4 

5 

6 

7 



Immediate Reading 




Positive 

61 

62 

63 

93 

u5 

82 

59 

Doubtful 

2S 

25 

20 

5 

22 

14 

22 

Negative 

16 

13 

12 

2 

23 

4 

19 

Sensitivity 

72.5 

74.5 

78.0 

95.5 

66.0 

89.0 

70.0 



Fifteen-Minute Reading 




Positive 

39 

47 

51 

81 

25 

5.'1 

36 

Doubtful 

33 

35 

33 

14 

43 

29 

30 

Negative 

29 

18 

16 

5 

32 

IS 

.■!4 

.Sensitivity 

55.0 

64.5 

67.5 

88.0 

46.5 

07.O 

51.0 



Average of Above Readings 




Positive 

47 

52 

63 

83 

41 

70 

45 

Doubtful 

29 

31 

3S 

15 

;a 

19 

27 

Negative 

24 

17 

14 

2 

28 

n 

28 

Sensitivity 

61.5 

67.5 

74.5 

90.5 

56.5 

79.5 

58.5 ■ 

cent. Antigens 3 and 

6 showed 

11 per 

cent difference 

in sensitivity 

in the 


immediate readings and yet gave identical sensitivity in the fifteen-minute 
readings. 

Taking the average of the immediate and fifteen-minute readings as a basis 
for comparison, antigen 4 showed the highest sensitivity (90.5 per cent) and 
antigen 5 the lowest ,(56.5 per cent), a spread of 34 per cent between these 
extremes. 

It was then decided to repeat this study on another group of 100 specimens 
with a different group of five antigens selected from the sources listed at the 
conclusion of this paper. Specimens were secured in the same manner as for 
the first study and all of the same safeguards of technique which might influ- 
ence the results were observed. In this study with five antigens, the specimens 
were examined in groups of seven. Specimens giving strong reactions were 
diluted with saline to the critical point for the antigens. 

The compai’ison of the sensitivity of the antigens in the immediate, fifteen- 
minute, and average readings is given in Table II. It will be noted that the 
dispersibility of the precipitate in the two most sensitive antigens, 10 and 12, and 
the least sensitive antigen, 8, was approximately the same and was much less 
than for the other two antigens. 

Based on the average readings, antigen 10 was the most sensitive (95.5 per 
cent) and antigen 8 the least sensitive (39.0 per cent), a difference of 56.5 per 
cent between these extremes. Antigens 10 and 12 were quite comparable in 
sensitivity in all readings. 

It was then decided to determine if this observed variation in sensitivity 
was peculiar to the Kahn standard antigens, or if the antigens employed in the 
other recognized serologic tests would exhibit similax- differences in sensitivity. 
Antigens were secured for this part of the study from sources listed at the con- 
clusion of this paper. It will be noted, in this connection, that one antigen 
was secured from the laboratory of each author-serologist. 

Specimens were secured in the same manner as for the comparison of the' 
Kahn antigens. The techniques of the authors of the tests were rigidly ob- 
served. All possible safeguards were set up to insui-e parallel performance in 
every detail. Classification of plus reactions into positive, doubtful, or negative 
was followed as recommended by each author. 
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Table H. Uesults Obtained on ioo Specimeks of Blood Ex^xiiined bv tub Kahn 
S rAXD.vRD Test 


A.S'TlQE.N 

8 

9 

10 

11 

12 



fminejiate Beathng 



Positive 

23 

07 

96 

75 

92 

Poubtful 

•13 

27 

X 

13 


Negative 

29 

i; 

0 

10 

3 

Sensitivity 

49.5 

SUj 

98,0 

82.5 

94.5 



Fiftccn-Minutv 

lUading 



Positive 

19 

35 

77 

33 

72 

Doubtful 

34 

43 

IK 

37 

20 

Xegotivo 

47 

22 

5 

30 

8 

Sensitivity 

.36.0 

56.5 

S6.0 

5J.5 

82.0 



Jrtro,;/ of Abon 




Positive 

20 


9.3 

01 

87 

Doubtful 

33 

.:4 

5 

2<» 

11 

Negative 

42 

14 

:» 

1.3 


Sensitivity 

39.0 

6U.0 

95UJ 

74.6 

02.5 


Tile (liiTerent sensitivity levels of the various tests precluded the accept- 
ance of the same grouj) of speeiiucns for all tests. While more than one test 
tvas perfonued on many of the speenueus, tl»ey may be considered foi’ the pur- 
pose of this study as a series of 100 different specimens for each test. 

To illustrate, the Kline ami Unzzini tests may have boon performed ou the 
same specimen. If tlie tJirce antigens uscil in the Kline test gave very weak 
reactions aud any one of tliree antigen-s used in the Mazzini test gave less than 
a 4 plus reaction, tlie specimen was acccjitcd as critical for both tests. If any 
one of the antigens in the Kline test gave Ic.ss tiian a 4 plus reaction and all 
three Mazzini antigens gave 4 plus reactions, the specimen was discarded from 
consideration in the Jlazzini test series. If, on the other hand, the JXazziai 
antigens showed variation in results and all Kline antigens gave negative reac- 
tions, the specimen was not considered critical for the Kline test, 

Speeimens giving 4 plus reactions by all antigens in any given test were 
diluted serially and the test repeated in quantitative manner. The lowest 
dilution showing variation iu plus reactions was accepted as the critical point 
for the antigens in that test. 

It will be noted from Tabic III that Kline antigens 1 and 2 gave quite 
comparable results. Antigen 3 was far less sensitive. 

The relative sensitivity of three antigens employed iu the Eagle niicrofloccu- 
lation teat is shown in Table IV. Antigen 2 was found to he much less sensitive 
than either of tlie other two antigens. 


Table IU, Results Obtained on JOO SPBaartis of Blood Examined dv tse Kline 
Pl-vcnostic Test 


ANTIQEN 

Poditlro 

Doubtful 

Negative 

^asitivity 


1 

62 

3i 

4 

79.0 


Z 

61 

33 

6 

77,5 


3 

39 

28 

33 

53.0 


Tabu; IV. IJesuits Oot.uoto os IOO Specimems op Bloop BaAMram or the Eioix 
ilirnoPxoccimATiON Test 


antigen ' ’ 

1 

2 

Dositirc 

67 

20 

Bouljtfui 

28 

21 



55 

?pn»itivity 

81.0 

56.5 
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Table V. Besults Obtained on 100 SPEcaiiENs on Blood Examined by the Hinton 

PlOCCDLATION TEST 


ANTIGEN 

1 

2 

3 . 

Bositive 

70 

45 

61' 

Doubtful 

28 

39 

28 

Negative 

2 

16 

11 

Sensitivity 

84.0 

64.5 

75.0 

Table VI. 

Eesclts Obtained on 100 Specimens op Blood Examined bx the Mazzini 
PLOCCDLATION TEST 

ANTIGEN 

1 

2 

3 

Positive 

60 

74 

68 

Doubtful 

39 

26 

31 

Negative 

1 

0 

1 

Sensitivity 

79.5 

87.0 

83.5 


It will be observed fi-om Table V that there is a difference of 19.5 per cent 
in the sensitivity of antigen 1 and antigen 2 used in the Hinton test. 

From Table VI it may be seen that the antigens used in the Mazzini test 
compared rather favorably in sensitivity. 

In the Kolmer test, it was more difficult to secure specimens which would 
reflect marked differences in sensitivity based on positive, doubtful, and nega- 
tive results as classified by Kolmer. For instance, a specimen giving 1 plus, 
2 plus, and 4 plus reactions by three different antigens would be recorded as 
positive by all three antigens. 

Therefore, in order to maintain a sensitivity level of the Kolmer test in a 
relative position with the other serologic tests, it was necessary to incorporate 
more of the type of specimens which gave very weak reactions. 

It will be obseiwed from Table YII that antigens 1 and 3 in the Kolmer 
test eompax’ed ver}' favorably in sensitivity. Antigen 2 was found to be much 
le.ss sensitive than the other two antigens. 


Table VII. Besults Obtained on 100 Specimens of Blood Examined by the Kolmeb 

Simplified Test 


antigen 

1 

2 

3 

Positive 



69 

Doubtful 

37 

14 

25 

Negative 

4 

40 

6 

Sensitivity 

82,5 

53.0 

81.5 


COMMENTS 

This study is admitted to be rather critical in that it includes an unusu- 
ally large number of doubtful reactions which magnify differences in sensi- 
tivity. In routine work such differences are diluted with large numbers of 
definitely positive or negative inactions. 

Nevertheless, serology evaluation studies incorporate a comparatively large 
number of weak-reactiug specimens, and acceptable perfoimiance is determined 
by the results reported. This study seeks to show that failure to acliieve satis- 
factory ratings in sensitivity may lie in the antigens employed and may not 
always reflect- a lack of skill in pei'formance. 

As one lot of antigen is exhausted and another placed in use, laboratories 
should he able to maintain approximately the same level of sensitivity. Other- 
wise, specimens for reeheek purpose, which give differences in results, may 
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8. University Hospital Laboratories, Ann Arbor, Mich., Lot No. 71. 

9. Digestive Ferments Co., Detroit, Mich., Lot No. 47452. 

10. V. D. Eesearch Laboratory, Staten Island, N. Y., Lot No. S (1944). 

11. Navy Medical Center, Washington, D. C., Lot No. 89 B. 

12. Army Medical Center, Washington, D. C., Lot No. 171. , 

Kline Antiffens 

1. LaMotte Chemical Products Co., Baltimore, Md., Lot No. 241. 

2. LaMotte Chemical Products Co., Baltimore, Md., Lot No. 242. 

.1. Dr. B. S. Kline, Cleveland, Ohio (lot number not given). 

Eagle Antigens 

1. Digestive Ferments Co., Detroit, Mich., Lot No. 46151. 

2. District of Columbia Department of Health, Washington, I). C. (lot number not given). 

3. Dr. Harry Eagle, Baltimore, Md. (lot number not givenl. 

Hinton Antigens 

1. Digestive Ferments Co., Detroit, Mich., Lot No. 44163. 

2. Maryland Department of Public Health, Baltimore, Md., Lot No. 18 X. 

3. Dr. William A. Hinton, Boston, Mass., Lot No. 224. 

ilaezini Antigens 

1. Eli Lilly and Co., Indianapolis, Ind., Lot No. 3278-366276. 

2. Eli Lilly and Co., Indianapolis, Ind., Lot No. 01<'9-350122. 

3. Mr. L. Y. Mazzini, Indianapolis, Ind. (lot number not given). 

Kolmer Antigens 

1. Digestive Ferments Co., Detroit, Mich., Lot No. 46071. 

2. Digestive Ferments Co., Detroit, Mich., Lot No. 43450. 

3. Hesearch Institute of Cutaneous Medicine, Philadeiphin, Pa. (lot number not given). 


THEORY OF THE COLLOIDAL GOLD REACTION 

I. Re.actions Between Gold Sol and Isolated Protein Fractions 

ChIL L.VNGE, M,D. 

Albany, N. Y. 

S CHULZ and Zsigmondy ’s gold number' was the incentive which led to the de- 
velopment of the diagnostic gold reaction in cerebrospinal fluid.“ The gold 
number, the minimum amovmt of a protein (colloid) that protects 10 e.c. of 
formol gold against coagulation by 1 c.c. of 10 per cent saline, had been used 
only for characterizing isolated protein fractions and not for mixtures such as 
occur in cerebrospinal fluids. Application of the gold number to such specimens 
proved to be of minor significance. 

In studying syphilitic cerebrospinal fluids, it was suspected that syphilis 
reagin, being an abnormal euglobulin fraction, was insoluble in the distilled 
water used as diluent in the gold number. Therefore, cerebrospinal fluids were 
•serially diluted with 0.4 per cent saline before the formol gold was added. 
Vai’ious coagulation curves instead of the expected protection were obtained. 
The theoretical significance of the results lyas not realized at first. Interest 
was focused on the practical discovery that these curves seemed to be of clinical 
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Previous e-xpeilmeuts" proved the paretic curve to be iudepeudent of a 
definite albumin-globulin ratio. The question remained as to liow far' the ratio 
might be responsible for other types of curves, the prezone cui’ves. The hypothe- 
sis that the albumin-globulin ratio is of decisive significance to the gold reaction 
of course implies that different globulin fractions I’eact identicallj’' with gold sol. 

In Table I, No. 2 and No. 4, ai‘e shown that identical concentrations of 
euglobulin and pseudoglobulin prepared from horse serum with ammonium 
sulfate yield characteristically different prezone curves. These simple experi- 
ments disprove the h3'pothesi3 that the albumin-globulin ratio is the onlj’’ factor 
infldeneing gold reactions but fail to show what lesser role it may play. In 
testing various preparations of pseudoglobulin, it was learned that about 0.12 
rag. per 100 e.c. gave maximal coagulation. The serial dilution of euglobulin 
was invariably higher, about 0.39 mg. per 100 c.c. In view of the incomplete 
purification obtained with salting-out procedures, it is not claimed that these 
numex'ieal values are definitel.v established but onlj' that euglobulin and pseudo- 
globulin give different quantitative reactions with gold sol. 

If the albumin-globulm ratio is not the decisive factor, what does detemine 
the location of the- maximum in prezone curves ? Tlie problem has been in- 
vestigated by testing isolated globulin fractions of known concentration in the 
preseuee and absence of albumins. 

When pseudoglobulin solutions of increasing concentration have been tested 
(Table I, Nos. 3 to 6) as if they were cerebrospinal fluids of unknown constitu- 
tion, the maxinnun has sliifted increasingly to the right. In these quantitative 
experiments, the apparent shift to the right in the absence of albumins appears 
to be an expression of a constant optimal ratio, the maximum obtaining in those 
dilutions containing 0.12 mg. per 100 e,c. In other words, by testing globulin 
solutions of known constitution and concentration, the location of the maximum 
can be predicted. luvemely, when cerebrospinal fluids of unknoAxm globulin con- 
tent were tested, the maximum indicated the absolute “globulin” concentration. 
Although euglobulin and pseudoglobulin react differently, in mixtures such as 
occur in cerebrospinal fluids, their partial curves are superimposed so that the 
combination curve indicates only the effect of globulins as a group. The specific- 
ity of globulin fractions cannot be directly determined in the routine test. 

The effect of albumins, or of the albumin-globidin ratio, upon the location 
of the maximum may be studied in two waj’-s: by testing artificial mixtures of 
globulins and albumins and by testing cerebrospinal fluid before and after the 
removal of albumins. 

Only negative results were obtained xvith artificial mixtures of euglobulins, 
pseudoglobulins, and albumins in attempting to produce a true paretic eurve.^' * 
A plateau cmwe i-esulted onlj’- in the presence of a trzie coagulator. The claimed 
parallelism between increasing albumin-globulin ratio and shift to the right® 
was based on experiments requiring albumins completely free of globulins, a 
precaution technically difficult to observe. We have measured the effect of an 
increasing albumin-globulin ratio bj”- testing a globulin solution of known con- 
centration, which located the maximum in one of the serial dilutions, and then 
adding increasing amounts of albumin. It was obseiwed that the maximum 
shifted to the right. 

Tn repeating these experiments, it was noted that the shift to the right 
produced by the admixture of albumins was widely different when various' 
albumin preparations were used. Reznikoff® described the effect of albumin 
upon, gold sol as producing complete coagulation over a wide range. Other 
authors have found the effect to be exclusivelj' or predominantly protective.® 
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As has been mentioned, albumins exhibit decreasing coagulation wiien pro- 
gressively purified by salting-out methods. Tliis suggests that albumins which 
coa^lato strongly have probably been eonfaminated with globulins. The same 
e.vplanation was found to apply in our initial experiments, which inadvertently 
produced increasing concentration of globulins and thus caused a shift. 

The use of protein fractions purified by electrophoresis might have been of 
mterest. However, because all the previous cxperiment.s were peiTormed with 
fractions separated with the conventional ammonium sulfate concentrations, 
the same procedure had to be emplo.ved. It was found that the use of albumin 
(noise serum), after repeated reprecipitation by 60 per cent saturation with 
ammonium sulfate, supplied definite results if the globulin rather than the 
albumin was varied. In Table I, Nos. 7 to 13, ai-e sIlo^ra the results of such 
experinicnts. If these results arc interpreted by previous standards, tho e.x- 
planation would be that the maximum shifts to the left rather than to the right 
with increasing albumin-globulin ratio. Actually, these e-xperimenfs prove 
that the changing location of the maximum has notiiing to do with the albumin- 
globulin ratio. The maximum is e.xeliisivcly determined by the absolute con- 
centration of the globulins. Tlie optimal ratio of 0.12 mg. per 100 o.c. remains 
constant in the presence or absenee of albumins. Deviations from this constant 
optimal ratio appear only where comparatively low globulix concentrations 
ore used (Table I, Nos. 11 to 13). The contamination of the albumins has a 
marked efCoot on the actual globulin concentration. 

Tho real effect of albumin in albumin-globulin mixtures seems clearly dem- 
onstrated by these experiments, for in comparing identical globulin eoiiceiitra- 
tions in the presence and absenee of albumins, it appeals that the maximum 
remains tlie same ; only the strength of coagulation in the maximum is reduced 
as the albumin admixture inereasoa. 

_ These results suggest that the coagulation curves observed in the gold ro- 
aetion are affected by tho presence of albumins, or the albumin-globulin ratio, 
only to the degree that the strength of coagulation may be reduced by protecting 
atbnniins. This e.xplanation of the relativel.v subordinale role of the albumin- 
Slomilin ratio applies also to the results obtained in cerebrospinal fluids as 
nemonstrated by the following experience. Cerebrospinal fluids of high protein 
concentration were used. One specimen was from a patient with paresis and 
Mother from one with tuberculous meningitis; in the latter the protein concen- 
h'ation was approximately 150 mg. per 100 e.e. The precipitate obtained with 50 
imr cent saturation of ammonium sulfate was separated by centrifuging in an 
Mgle centrifuge and dialyzed against phosphate buffer of pH 7.4 used in the 
routine technique and diluted to the original volume. The only difference in 
"old curve duo to. the removal of the albumin was an increase in the strength of 
•be reaction, the plateau of the paretic curve being slightly longer. The prezone 
Wrve obtained with the tuberculous cerebrospinal fluid was qualitatively the 
''ome, and only the strength of coagulation in tlie maximum was increased. In 
®bort, the results of the experiments 'vith artificial mi.xturcs seemed to be ap- 
pbeabie to those obtained with cerebrospinal fluids, both in the paretic and pre- 
• rone curves, indicating tlmt the qualitative differences in the gold curves was 
'iiireiated to the albumin-globulin ratio. 

SDMM.IKY AND CONCLUSIONS 

V ' The colloidal gold reaction has been studied by analyzing the physicochem- 
'cal factois of tho milieu and bv testing various combinations of protein frac- 
tions, ' 
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Three qualitatively different reactions with gold sol have been demonstrated : 
(1) protection is produced both by albimiins and normal serum globulins, in the 
• prezone, and by hemoglobin at a pH above its isoelectric point; (2) sensitiza- 
tion is produced by seram globulin vrithin an optimal range, electrolytes being 
required to complete the coagulation; (3) true coagulation, without the assistance 
of electrolytes, is produced in cerebrospinal fluid only by the pseudoglobulin- 
like degenerative protein indicative of parenchjTnatous degeneration which 
elicits the so-called paretic or plateau curve. 

The plateau curve is fundamentally different from the remaining types, 
the prezone curves. The prezone curves in the absence of a true coagulator re- 
sult from the qualitative and quantitative differences of the globulins, while 
the albumins, as protectors, have only a quantitatively decreasing effect. Euglobu- 
lin and pseudoglobulin react differently with gold sol ; the}’- may be characterized 
by the difference of their constant optimal ratio. This constant optimal ratio is 
the reason why, in prezone curves, the maximum sliifts to the right wth m- 
creasing globulin concentration. 

’ Our interpretation ascribes to the albumin-globulin ratio the least important 
role in producing the qualitative differences of the various types. Since, ac- 
cording to a widely adopted hypothesis, the albumin-globulin ratio is the only 
factor producing these differences, the experimental data that are at variance 
with this assumption may be briefly summarized : 

1. No mixture of globulins and albumins, no variation of the albumin-globu- 
lin ratio, is able to produce a plateau curve in the absence of a f?'we coagulator. 

2. Euglobulin and pseudoglobulin exhibit characteristically different op- 
timal ratios. 

3. The maximum does not shift to the right mth increasing albumin-globulin 
ratio, as inferred from experiments in which albumins contaminated mth globu- 
lins were used. The location of the maximum is entirely independent of the 
albumin-globulin ratio; it is regulated by qualitative and quantitative differences 
of the globulins. 

4. The removal of albumins from cerebrospinal fluids, so that any effect 
of the albumin-globulin ratio is eliminated, produces no qualitative change either 
in the paretic curve or in the prezone curves. 
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EXPERUIENTAIj production op PULMONjVBY ejibolism by 

THE USE OP A VENOUS CATHETER 

Thomas D. Ki.vnev, JI.D., Plore.vce W, Havxes, Ph.D., 

AND Lewis Dexter, JI.D. 

Boston, Hass. 

M any methods liave Iidch devised for the e.xperimental production of pul- 
monarj' embolism. These methods readily fall into two groups, embolism 
and ligation. The method most commonly employed ha.s been the introduction 
of various hinds of foreign bodies into the peripheral venous sj'stem. These 
have consisted of snch miscellaneous' substaneos as sus])ensions of barium sul- 
fate, Prussian blue, and powdered charcoal, as well as larger particles snch 
as blood clots, masses of fibrin, heads of enamel, lead shot, rubber finger 
cots, mercury, waxes, and many othei's. The choice of the size of the 
particles of the embolie material used has depended upon the size of the 
pulmonary vessels which tlic investigator has wished to occlude. Less fre- 
quently, various types of ligatures and clamps have been used to occlude 
partially or completely the lumen of the main pulmonarj- artery or its branches. 
Haggart and Walltor' devised an ingenions method of clamping tJie pulmonary 
artery which enabled them to make a f|uantitative estimation of the degree 
a£ obstruction. Tito literature of experimental embolism has been reviewed 
hy Bardin’ (1934) and by Ciirrens and Barnes’ (1943). 

Both methods have distinct and obvious limitations. Tlic site of lodgment 
of tbe embolus cannot be adequately controlled once the mass has been intro- 
duced into the .systemic vein, and its ultimate action and effect on the lung 
cannot be predicted with precision. Direct ligation has the disadvantage that 
the thorax must be opened with its consequent disturbances of pulmonary and 
cardiac dynamics, and usually the animal must be sacrificed immediately 
following the experiment. 

The present communication is a description of a technique for the pro- 
duction of pulmonary embolism which appeal's to offer many advantages over 
hitherto published methods. 

METHOD 

Dogs were anesthetized by injecting nembutal (40 mg. per kilogram) 
iutraperitoueaUy. The neck was shaved and one of tlie external jugular veins 
Was e.xposed. Venous catheterization was performed by the method .of Pom- 
raan* and Cournand and Eanges.’ The animal was placed on its hack on a 
fluoroscope table, and a No. S or No. 13 catheter, 60 cm. long with the tip bent 
at an angle of about 60 degrees, was inserted into the jugular vein. A slow 
drip of normal saline was maintained through the catheter to pz’eveut clottmg. 
Under direct fluoroscopic examination, the catheter was directed down the 
jugular vein through the superior vena cava and into the right auricle. The 
Up of the catheter was then tuz'ued posteriorly and to the animal’s left and 
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directed through the tricuspid valve into the right ventricle. Further manip- 
ulation oi the catheter with the curved tip in au upward direction resulted 
in the catheter being deflected from the opposite wall .of the ventricle upward 
through the pulmonaiy valve and into the pulmonai-y artery. Once in the 
pulmonary artery it was possible to direct it into the right or left branch 
and into the smaller ramifications if so desired. Its position in a pulmonarj' 
axheiy may be ascertained with certainty by observing the tip of the catheter 
to lie outside the cardiac shadow when viewed in an anteroposterior or lateral 
position (see Fig. 1). 



Fi&. 1, — X-ray of a dog with catheter introduced through the jugular vein, superior vena 
cava, right auricle, right ventricle, and pulmonary artery-. The tip of tlie catheter lies in a 
branch of tlie right pulmonary arterj*. iJeft* anteroposterior view; right, right lateral view. 


With the catheter in the desired location, emboli may be injected directly 
into the pulmonaiy circulation. In this study, Japan wax has served as a use- 
ful medium for studying the location of the embolus in the lung because its 
melting point is low (40° C.) and it readily congeals at body temperature of the 
dog. Other embolic agents may be used with equal facility. An embolic sub- 
stance with a high melting point cannot be used effectively due to the marked 
heat loss as the substance passes through the catheter with consequent plugging 
of the catheter. If such a substance is healed to a point which will offset the 
plugging of the catheter, it vdll be so hot when it reaches the lung that tissue 
destruction, may occur. The addition of methylene blue or some other vivid 
coloring agent to the embolic material aids in its identification in tlie lung. 

Because the thei'raal death point of tissue is approximatelj' 47° C., care must 
be talien that any embolic material reaching the pulmonaiy circulation is below- 
this temperature. In order to determine the degree of heat loss of the wax as 
it passed through the catheter, the following procedure was carried out. The 
catheters were immersed in a constant temperature water bath set at 40° C. 
which was continuously agitated. It was found that when the wax was heated 
to '45° C. and injected rapidly through a No. 12 catheter, the temperature of 
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the wax eoming from tlie tip uf llu* cathctor was from 43 to 44® C. When the 
wax was heated to 85° G.. aiul injcrted rapidl> thvtni'^h a No. 8 catheter under 
sirailar conditions, t!ie tempciatmc of the eflluent was from 45 to 46® C. It is 
assumed, therefore, tliat the temperature ot the wax as it entered the pulmonary 
circulation was at approximal<4\ ii«e same temperature. 

The extent of the pulmonai'\ Miseulav hed deprived of its blood supply 
can bo readily controlled by the .imouiit and type of em)>oUe material used. 
In dogs weighing from 10 to 20 Kilograms, 10 c.e. of Ja})an wax were sufficient 
to fill a lobular artery and cause the animal to die in from five to fifteen min- 
utes. One animal, receiving only 3 ee. of wax in a branch of the pulmonary 
artery supplying the rigid lowm 1 o1m« wa< still ah\e one hour later and was 
killed by pithing. 

An example of the type oi einhidism obtained In the use uf Japan W'ax is 
shown ill Fig. 2. It should be noted timl llu einholus is in the form of a cast 
of the pulmonary artery mul is ‘pnte leiuiMisient of emboli seen in massive 
pulmonary embolism in man. 





The endothelium lining tlic jugular von at the site o£ eatheteviratiou ami 
that lining the vena cava, right anriclc, right vcnti-ielc, and pulmonary arteries 
tvas carefully examined in ciglit dogs to determine if the eatJieter had tran- 
fflatized the endothelium The valves and papillary muscles were also examined. 
In no instance tvas there any evidence of damage to any of these strneturc.s. 


DlSGUSSIOX 

We believe that the present method has definite advantages over those 
Intlierto described. An embolus of any desired character be introduced 
jfito any part of the pulmonary cii’culation at a given instant. By this technique 
it is not necessary to open tbe chest, hereby avoiding eompi.eating disturbances 
respiratory and circulatory 
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Studies of the sequence of the pathologic physiology of pulmonary embolism 
are being carried out by the use of this general method. 

SUMMARY 

1. A method is described by -which pulmonary embolism may be produced 
in animals in a controllable and localized area of the lung. 

2. The method consists of introducing a catheter through the jugular vein 
and chambers of the right side of the heart into the main pulmonary artery or 
one of its smaller branches. The embolic substance is injected through the 
catheter. 

3. It is felt that by the use of this method pulmonary emboli closely sim- 
ulating those found in human beings can be reproduced. 

The authors are indebted to Dr. Eugene M. Landis, for the use of the fluoroscope for 
this study, and to Dr. Eoy E. Seibel, for roentgenologic assistance. 
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PENICILLIN COMBINED WITH FEVER THERAPY 

A Preliminary Report of Twenty Cases ok Early Syphius 

Robert il. Craig, M.D.,* George X. Schwemuein, M.D.,* and 
H. Worley BuEndell, M.D.t 
Chicago, III. 

T he available literature offers few reports coucerning penicillin-fever 
therapy. Barlisdale^ stated that penicillin combined \vith fever therapy was 
being satisfactorily used in eases of neurosjiihilis. Struble and Bellows® re- 
ported on the favorable result obtained by the application of penicillin-fever 
therapy in a ease of iridocyclitis of gonorrheal origin which had not responded 
to penicillin alone. Riba and co-workers® applied the cabinet type of therapeutic 
fever and penicillin to gonorrhea complications which had not responded to 
penicillin alone with encouraging results. 

These data were not considered sufficient evidence that larger amounts of 
penicillin could be safely combined with physically induced fever or that 
penicillin activity could be demonstrated in the blood before, during, and after 
this type of therapeutic fever. 

Physically induced fever combined ivith arseno-bismuth preparations has 
been employed by us in the intensive treatment of early syphilis^' ® and satisfac- 

From tlie Section on Fever-Chemotherapy, Chicago Intensive Treatment Center. Ve- 
nereal Disease Control Program, Chicago Board of Health In cooperation with the United 
States Public Health Service. 
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tSurgeon (R). United States Public Health Service; now director of State Pever Thernpj' 
Unit, Brookhaven, Miss. 
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lory clinical and serologic resuUs have been obtained. It was observed that by 
increasing the amount of these chemotherapeutic agents, fewer treatment failures 
occurred. Toxic reactions, however, were iii direct proportion to the amounts ' 
of arsenical and/or bismuth" used in combination with tlierapeutie fever at the 
10G.O“ F. (rectal) level. 

It was. natural, therefore, to combine penicillin with this form of fever 
therapy, substituting a cheniothei-apeutie agent who.se toxicity has been neg- 
ligible’’ *■ " as compai-ed to ai'scno-bismuth preparations which have certain 
limitations when admiiii.stcrcd alone in large doses or in combination with 
therapeutic fever. 

Twenty patients having inimary or secondary .syjjhilis (dark-field positive) 
were given penieillin-fcver thcrajiy. The ainoimt of fe\ cr for each patient was 
three hours at 106.0° F. (rectal) lerel, produced in an air-conditioned cabinet 
(hyperthenn) . The sodium salt of iieiiieillin rvas administered in the prefever 
period and during the course of the therapeutic fever. The patients all received 
a thorough diagnostic medical survey and the loutinv pictevor preparation and 
postfever eare.’" 


The first five patients received 2.1,000 units of penicillin iiiframiisciilarly by 
syringo every two hours during the twciily-fotir hours of tlic prefever period, a 
total of 300,000 units. Tlie la.st dose was administered at 6:00 .v.M. and tho 
patients were in tho fever cabiiicl.s at 8:13 i.ii , reaching the 106.0° F. (rectal) 
level at approximately 0:13 .v..!!. Feiiicillin was administered iulravcnously by 
syringe in 100,000 unit do.ses at this time and again at the beginning of the 
second and third hours of tho maintained fever. The amount of penicillin 


administered during fever therapy was 300,000 units, and the total amount for 
each patient was 600,000 units. 

A second group of five patients was given tiic same routine treatment except 
that the penicillin was administered iiitramuseularly by syringe in 30,000 unit 
doses every four hours in the tweuty-four hour prefever period. 

Three of these ten patients had short periods of temperature elevation 
witlun tho range of from 100.4 to 104.2° F. during the prefever penicillin ad- 
ministration. They were not ill and this was considered to be the Herxheimer 
reaction. During fever therapy nine of the patients siiowed no reactions. One 
patient (No. 6848) wiio liad previously denied any drag addiction suddenly de- 
manded a narcotic and became uncooperative when this was refused (he later 
admitted addiction) j his treatment was discontinued for this reason after one 
and three-quarter houi-s of therapeutic fever. During the three posffever daj’.s 
all of the patients were ambulatory and in good condition. 

In view of these favorable observations, it was decided to increase the total 
amount of penicillin to 1.2 million units for each of ten additional patients 
600,000 units to be administered in the twenty-four hour prefever period and 

600,000 during fever therapy. , . , 

The patients were given the same routine fever therapy as. ^vas Pr«viouriy 
described. Penicillin was administered intramuscularly by syrm„o m 50,00 
umt dosages every two hotira in the twenty-four to^irs of the piefever period 
and 200,000 units intravenously by syringe at the height of fever and at the 
beginning of the second and third hours of maintained fever. 

During the prefever penieiUin “‘“gf f 

of temperature elevatiou to lOO’S/”'/' reaction. Obiere were no 

aot .11 and this was mteipreted to be the Per 1 ^ ambulatory 

reactions dunng fever therapy ana the patienis 
during the postfever days. 
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In comparing the twenty patients' treated- with penicillin-fever therapy to 
patients receiving arsenieals, bismuth, aiid fever fheraby, it 'was' observed that 
during the fever, minor reactions were not evident and the patients’ water 
balance was much less disturbed, and during the postfever period there was 
an absence of lethargy and fatigue with the penicillin-fever combination. 

Blood penicillin determinations were made on twelve patients bytlie method 
described by Heilman and Herrell.^' Blood specimens’-’ were obtained from the 
anteeubital vein after twelve and twenty-four hours of prefever penicillin ad- 
ministration, at the beginning of the maintenance period, and after one and 
two hours of maintained fever immediately before the intravenous penicillin was 
administered. Specimens were also obtained at approximately 8:00 A.ii. on 
the first two consecutive postfever daj's. It is shomi in Table I tliat penicillin 
activity in the blood is present during fever tlierapy and that there is marked 
variation in the values secured. 

The clinical results obtained by these therapeutic methods have been of 
interest to us and have formed the foiuidation for further study of the combina- 
tion of fever and penicillin in the treatment of early syphilis. The immediate 
clinical response to these three schedules of treatment was the same as evidenced 


Table I. Pexicillin Levels (O.U. op Axtib.vcterial .Vctivitv cEi; Cubic Cextimctek op Blood) 



PREFEVEIt 

EEVEI: 

POSTFEVER 






liEUIN* 



8:00 

8:00 


INTRAilL'SCU- 



' 

NING 



A.il. 

' A.M. 


LAR SODIUM 

12 UP.. 

24 UR. 

INTRAVENOUS 

OF 



FIRST 

SECOND 


PENICILLIN 


ATTER INI* 

SODIUM 

MAINTE* 

AFTER 

after 

D.VY 

DAY 


ADMIKISTRA- 



PENICILLIN 

NANCE 

ONE 

TWO 

POST-- 

POST- 

PATIENT 

TION 



ADillNISTRATION 


HOUR 

nouns 

FEVER 

FEVER 

5ai2 

25,000 O.U. 

0.18 

0.00 

100,000 O.U. 

None 

0.21 

0.48 

None 

None 


q. 2 h. in 21 



after eacli blood 







lir. prefever 

0.21 


tipecinaen 






66-13 

25,000 O.U. 

0.06 

100,000 O.U. 

0.06 

15.36 

0.48 

None 

None 


q. 2 h. in 21 



after each blood 







hr. prefever 

0.18 


spbeimen 

0.06 





6651 

25,000 O.U. 

0.06 

100,000 O.U., 

30.00 

15.36 

None 

None 


q. 2 h. in 21 



after each blood 






hr. prefever 

0.06 


gpeeimen 






6787 

25,000 O.U. 

0.00 

100,000 O.U. 

None 

0.21 

0.48 

None 

None 


q. 2 h. in 21 



after each blood 






|6801 

hr. prefever 
25,000 O.U. 

0.48 

0.03 

specimen 

100,000 O.U. 

None 

0.21 

0.48 

None 

None 


q. 2 h. in 21 



after each blood 







lir. prefever 

0.03 


Specimen . 






6826 

50,000 O.U. 

0.03 

100,000 O.U. 

None 

0.96 

0.96 

None 

None 


q. 1 h. in 21 



after each blood 







hr. prefever 

0.21 


Specimen, 






6830 

50,000 O.U. 

0.03 

100,000 O.U. 

None 

0.18 

0.96, 

None 

None' 


q. 1 h. in 21 



after each blood 







!ir. prefever 

0.24 

0.06 

Specimen. 






6839 

50,000 O.U. 

100,000 O.U. 

None 

0.12 . 

0.24 

None 

None 


q, 1 h. in 21 



after each blood 







lir. prefever 

0.48 


specimen 






6818 

50,000 O.U. 

0.03 

100,000 O.U. 

None 

15.36 

0.48 

.None 

None 


q. 1 h. in 21 



after eacli blo-od 





hr. prefever 

None 


Specimen . . 






6995 

50,000 O.U. 

0.12 

100,000 O.U. 

Trace 

0.96 

1.92 

None' ■ 

None 


q. 1 h. in 21 



after each blood 







lir. prefever 

0.21 


Specimen 






7523 

50,000 O.U, 

0.21 

200,000 O.U. 

0.03 

0.96 

1.92 

None 

None 


q. 2 h. in 21 



after each blood 







hr. prefever 

.0.48 


Specimen 





' 

7916 

50,000 O.U. 

0.12 

200,000 O.U. 

None 

O.IS 

0.48 

None 

None 


q. 2 h. in 21 



after each blood 







hr. prefever 



Specimen 







•The blood penicillin specimens were sent by air mail to Uie Slayo Clinic and the deter- 
minations performed under the direction of Dr. Paul O’Learj'. Section on Dermatology, and 
Dr. D. H. Heilman, Division of Clinical Pathologj', to whom we are indebted. 










T 1.0 lesions beeanic negative 
occur a ter penicillin in amotmts of 60 000 unL-“^^ 'vill 

c-xpecled after the amounts used in this’studv. ‘■'‘^'“■'iisfered and should be 

using emfiOQ oTlo^’^lnon m'its TS^r ‘^ypWJis 

Joins. Such amounts of i.enieillin have imialiv'hem '‘"d forty-eight 

~’Ts:ss::::ss;' -- '“ 

se.ven and one-half days is dO pefeen;*-" of Penicillin over 

mills of penicillin in tivo davs and tl.i-e i Putients treated with 600,000 

■bhed a relapse rate of SO p:r L At o-.- 

le fii-st .SIX months after trcatmc'nt fiiHl. ’ ’ /“'^oues occurred within 

oi'Ps.vienux PRo;r Jo”v PEVEn axd e 00 ,O 0 O Unii.s 


DUGNOSIS 

'-•'UTnEl'OllTEIi.STlTT'o I'lmi.UIV 

THHI — .TO'C-'l SI-RO ro.SlTIVE SErO.VD.lEV 

Xogatiio I? 5 8 

Positive— J |„ I „„i,, ' 1 

Positive-Over 4 unit.s i 

_ , i?ailurca i • l 

J^ailurea 8 j - 

Total 

CJjnical u-laiie-o ® 

giinical progrosMon i 

~~ — Soroloyic relapse 2 

“il/sjUiltTsf 1.200,000 units of penicillin in 

‘feated^ W tn lo 20 iier cent.” Two of the ten patients in this study 

106° p freetnl'l'"*'^ 1,200,000 units of penicillin and three hours of fever at 
">e eieiit „ ^ •’’f**’*' 'linminial from tlio hospital Two of 

No clinieaf foilur =orologie relapses, 

foi’uies occurred in ^roup of patients. Both serologic 

‘'mil any of th f ‘ ‘’■'•’““o'*!- ut 'east two months later 

''rte are enLi units. The clinical results in the group to 

!’'us phvsiVan? “1“^ '*•"‘’1' “f “®‘' “f 1.200,000 units of penieUlin 

I’otients in ii ^ fe''e“' “>'0 m progress. The serologic status to date of the 

group is sliown in TaI)Ie III. 

Ijf ^ 

op PATIEaVTS WITII SYPIULIS TREATED WlTIl FEVER AND 1.2 MiLUON 

iciLLiN iROM Oct. 2 Through Nov. 8, 1944, Grouped by Fjn.vi, Diagnosis 
AND Last Eepokted Status Prior to July 1, 1945 


— ^ ^^ST repoAt ed status 

Total treated 
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^otal under obsen-ation 
^^egatire 

Positive—! to 4 units 

Positive— Over 4 units 
(serologic relapse) 


DIAGNOSIS 
PRIIIARY 

SERONEGATIVE SECO 
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SUMMARY 

1. Preliminary evidence is presented to demonstrate that penicillin and 
physically induced fever may be safely combined in the treatment of early 
syphilis as described. 

2. Penicillin-fever therapy as compared to arseno-bismuth-fever therapy 
was more comfortable for the patients. 

3. Blood penicillin activity during penieiUin-fever therapy was variable 
before and during this form of therapy, while none was detected on the two 
consecutive mornings after fever tlierapy. 

4. The use of 600,000 units of penicillin plus three hours of fever at 106° P. 
(rectal) is inadequate treatment for early syphilis. 

5. The use of 1,200,000 units of penicillin plus three hour’s of fever at 
106° P. (rectal) is encouraging enough to warrant further study of the use of 
penicillin-fever therapy in early syphilis. 
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PENICILLIN THBEAPY IN HUJIAN BAETONELLOSIS 
(CAEEION’S DISEASE) 

Cesab Mebino, M.D, 

Lima, Peru 

therapeutic effectiveness of penicillin has not been established for 
(Carrion’s disease), an illness endemic' in eertain 
regions of South America, especially in Peru and Colombia. This paper de- 
scnbes the ciimcal coui-se of two patients with bartonellosis who were treated 
mtb pemcillm and records the changes which were observed in the morphoiogy 
«t the responsible organism and in the degree of erythrocyte parasitism. 

^<!ts of Carrion’s disease have been recently summarized by 
ag lafi and Weiuman.* Briefly, this disease characteristicaUy consists of 
two pbases or stages. The first one, to which the names of Oroya fever uon- 
eruptive, or hematic period are often applied, consists of a febrile period a'ceom- 
panied by an anemia which is usually severe, by signs of rapid red cell de- 
■S ruetion and by evidences of erythropoietic hyperactivity. The characteris- 
tiM of this hemolytic anemia have also recently been summarized.® If the 
patient survives, he develops, after a variable period of time, an eruption of 
papular and nodular lesions which may develop in the cutaneous zone or in an 
miernai organ. This second stage is sometimes referred to as verruga pern- 
Ma, hiatioid phase or eruptive period. Frequent clinical variations are obseiwed 
m regard to the clinical aspects and severity of these two phases. The mortality 
is high in the flrst stage of this disease and has been estimated to vary between 
to and 95 per cent, with a general average of about 40 per cent;®' * it is thought 
tnat secondary infections are in part responsible for the high degree of mor- 
tsiity. In the second phase of the illness, the mortality is very low. 

The responsible organism is Bartonella bacilliformis, discovered by Barton® 
in W09. This microorganism can be observed in the red blood cells of the 
peripheral Wood during the early stage of the disease, and it is also found by 
istologio examination of the eruptive lesions. Transmission of human bar- 
onellosis is effected by means of Phlebotomus insects of which the species 
^eit^icarum appears to be the one chiefly responsible.” 


CASE REPORTS 

eaS 1.— -A Zl-year-old woman who came from a region where human bartonellosis is 

“'’“‘tted to the Loayaa Hospital (Lima) Aug. 31, 1014. Her symptoms began 
y-toreo days before -when she suddenly developed general malaise and irregular fever, 
illness she received quinine and atabrine because a pre- 
ptive diagnosis of malaria had been made, and six days before admission she was 
^ven a transfusion of 100 c.c. of whole blood. On admission the patient presented marked 
r With a generalized moderate icteric tinge; aho was very restless, dyspneic, and ap- 
®^Ted to be toxic. Her temperature was 39.7* 0. 

. .^^ysical examination revealed no sigsiRcant abnormalities except for questionable 
P 6nic enlargement. An analysis of a venous blood sample made on the day of admission 
following results: red blood cells, 780,000 per cubic millimeter; hemoglobin, 2.7 
^ per 100 C.C.; leucocytes, 14,970 per cubic millimeter; hematocrit, 7.8 per cent; mean 
^^Pascn lar volume, 97,0 cubic microns; mean corpuscular hemoglobin, 34.0 micro micro* 

the Departments of Pathological Phyalology and Clinical Meillclne. 
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This patient lias been observed during the last eleven months; heir condition has 
remained good and at no time have the eruptive lesions, characteristic of the second stage 
of the disease, been observed. 

Case 2. — 21-year-old man came to our ofBce Deo. 11, 1914. He had been living for 
the previous sis mouths in an area where human hartonellosis was endemic. His illness began 
eight days before with headache and chills, followed by an irregular type of fever. He 
also complained of pain on the right side of the neck and shoulder and of an intense feel- 
ing of malaise and weakness. The only positive findings in the clinical esamination were 
a discrete subieterie tinge, a palpable spleen, and a few enlarged, nontender glands in the 
neek and inguinal regions. The temperature was 38.2° C. An analysis of a capillary blood 
sample, obtained on the same day, gave the following results: red blood cells, 4,320,000 
per cubic millimeter; leucocytes, 8,100 per cubic millimeter; leucocytic formula, 28 per 
cent stab neutrophiles; 31 per cent segmented neutrophiles; 2 per cent eosinophiles; 16 per 
cent monocytes; and 23 per cent lymphocytes. Examination of the blood smear showed 
that 3.4 per cent of the red blood cells harbored B. iacilUformis of the bacillary type. 
A second blood analysis, made two days later, showed that the red blood cell count had 
come down to 3,630,000 per cubic millimeter; the leucocytes were 10,850 per cubic millimeter, 
and the percentage of red blood cells harboring B. iacilliformis, all of them of bacillary type, 
had increased to 31.3 per cent. 

The administration of penicillin* was initiated forty-eight hours after the finding of 
B. hacilliforinis in the peripheral blood. A total of 300,000 units was given in 15 doses of 
20,000 units each every three hours; the first one was given intravenously and the rest of 
them by the intramuscular route. On the second day of the treatment the fever disappeared 
and there was a marked improvement in the clinical condition of the patient; the degree of 
parasitism at this time had decreased from 31.3 per cent of red blood cells parasited with 
B. iacilUfonnis to 6.8 per cent (Table H). Because of difficulties in obtaining penicillin, 
its administration was suspended for the next two days. This omission was followed by an 
aggravation of the patient’s condition with a reappearance of the fever and a rapid increase 
in the degree of parasitism, which reached the high figure of 96.5 per cent of red blood cells 
mth parasites. A further reduction in the number of red blood cells per cubic millimeter 
also occurred (Table II). Penicillin was again given every three hours intramuscularly in 
doses of 20,000 units each, up to a total of 800,000 units. In the sample of blood taken forty- 

TitBLB II. Observations in Case 2 — Red Blood Cell Count and Degree op Pabasitissi in 
Relation to Penicillin Adsiinistration 


SAMPLE 1 

! 

DATE 

[ penicillin therapy* 

iiigm 

PAKASmSilt 
(PER cent) 

1 

12/11/44 

None 

4.32 

3.4 

2 

12/13/44 

None 

3.63 

31.3 

3 

12/14/44 

Penicillin administered 

3.23 

36.6 

4 

12/15/44 

Penicillin administered 

3.43 

20.0 

5 

12/16/44 

None 

3.37 

6.8 

6 

12/17/44 

None 

2.98 

44.6 

7 

12/18/44 

None 

2.69 

96.5 

8 

12/20/44 

Penieillin administered 

1.73 

90.2 

,9. 

12/21/44 

Penicillin administered 

1.92 

63.2 

10 

12/22/44 

Penicillin administered 

2.12 

36.2 

11 

12/23/44 

Penicillin administered 

1.92 

6.7 

12 

12/24/44 

Penicillin administered 

2.15 

2.0 

13 

12/26/44 

None 

2.40 

0.9 

14 

12/27/44 

None 

2.28 

0 

15 

12/29/44 

None 

2.11 

0 

16 

12/31/44 

None 

1.89 

0 

17 

1/ 3/45 

None 

2.31 

0 

18 

1/ 8/45 

None 

2.70 

0 • 

19 

1/13/45 

None 

3.01 

0 

20 

1/24/45 

None 

3.60 

0 

21 

2/20/45 

None 

4.49 

0 

22 

6/24/45 

None 

4.84 

0 

■ 23 

8/27/45 

None 

5.34 

0 


•Penicillin was administered In two series, 300,000 Oxford imlts and 800,000 Oxford units 
total doses respectively. The individual doses were 20,000 units every three hours. The first 
series started nineteen hours before sample 3; second series was begun forty-tltree hours 
before sample 8. 

tParasltism means per cent of red blood ceils parasited witli S. iacilli/ormis. 


•Trademark, Schenley. 
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thrco iiours after the iultiutioti of this second scries of penicillin injections, a decrease in the 
degree of parasitisni \va3 observed^ Tiiia change became niore accentuated in successive days, 
although the rate of disappearanco of tho parasitism was slower than in Caso 1. No bar- 
toaellae were found in the blood two days after tho last doso of penicillin. 

Tho changes in tho morphologic characteristics of tho microorgauiaroa, observed dor- 
ing tho period of pcnicilUn therapy, were quite similar to those observed in Case 1. About 
twenty-four hours after its initiation tho microorganism changed its shape from the bacil- 
lary to the coccoid typo and presented tho staining alteratJons already described. It was 
interesting to observe that after tho first scries of penicillin injections had been com- 
pleted, simultaneous with tho relapse, a largo number of microorganisms assumed again the 
bacillary shape with well-defined hosiers and a uniform color. Tho reinstitution of peni- 
evUin therapy, which w-as accompanied by tho reduction in the percentage of parasited red 
blood cells with li. hcciUiformiSt again resulted in the morphologic variations of the type 
already described. 

This patient 1ms been examined on three different occasions since recovery, the last 
one being after about eight months. Ho reported that about three months after leaving 
the hospital ho noticed a single small nodular lesion in tho right gluteal region; however, 
no signs of this eruption could bo fouud in .on examinatioa made one month after the 
reported appearance of this lesion. His general condition has remained good. 

COMMKNT 

The various antiparasitie, therapeutic itiocediires employed so far in the 
treatment of human bartoiiollosis have imt proved to be satisfactory. The 
product Sdt 386 B, oontaiiiiiiK 18 per eoiil arsenic and 20 per cent antimony, 
which is- highly effective in eonfroHing Uacmolartondlu imtris infection in rats, 
lias lioctt used by Jlanriquo and Rocha’ in tho treatment of fourteen oases of 
Carrion’s disease; the opinion of these authors, who concluded that the use of 
the drug is beneficial, is not shared by others. Quinine, atabrine, different ar- 
senic preparations, and sulfonamide derivatives have also been used 'without 
success. Roea* has lately recommended the use of a glycerin preparation and 
has reported a favorable action, but his findings have not been confirmed by 
other workers. Immunologic therapy, using sera prepared in animals, has been 
recently investigated fay Howe,’ but the results observed do not as yet permit a 
definite evaluation. Whoie blood transfusions have not been widely employed 
as a therapeutic measure ; one of the patieuts reported in this paper received 
900 c.c. of whole blood without untoward effects. 

It is evident that evaluation of the effectiveness of penicillin in the treat- 
ment of human bartonellosis can be made only after a prolonged trial, espe- 
eially if we take into consideration that spontaneous recovery does occur in a 
large number of cases, even in those patients who show a severe degree of 
anemia and toxicity. It must also be remembered that secondary infections 
develop frequently during the first stage of the illness and, in the opinion of 
most observers, are in part responsible for the high degree of mortality. In 
these complicated cases penicillin administration may not prove to be satis- 
factory if the organism responsible for the associated infection belongs to a 
type which is refractory to the action of this drug. Cachay” has recently- 
fcported the death of an infant, with a severe degree of anemia due to human 
bartonellosis, who was treated with large doses of penieillin during the twenty- 
four hours previous to his death. 

The difficulties of transmitting human bartonellosis to animals decrease 
the possibilities of a prompt evaluation of this therapeutic problem. Ubatuba 
and Vieira,” in Brazil, have observed negative results in the penicillin treat- 
ment of H. muris infection in rats. From the standpoint of human bartonellosis, 

. the value of this experiment is, however, limited if it is remembered that the 
product Sdt 386 B, with a very uncertain action on B. bacillifonnis, is, on the 
.contrary, highly effective in controlling I/, tnuris infection in rats. Because ot 
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the similarities which have been noted to exist between the anatomical lesions 
produced by B. bacilliformis infection and those caused by the presence of 
Rickettsia, it is interesting to mention that Moragues, Pinkerton, and Greiff^- 
observed that penicillin inhibited, in vitro, the growth of Rickettsia cultures in 
chick embryos and also protected rats against the development of- infection with 
this organism. 

In our opinion, the most promising aspects of the results observed in the 
two cases here reported are the decrease in the percentage of parasited red blood 
cells with B. hacillifonnis and the very definite morphologic changes which took 
place in these microorganisms, carried bj'- circulating red blood cells, within the 
first twenty-four hours after penicillin administration. Such changes, when found 
in untreated patients who recover spontaneously, do take place in a longer tune 
and at a slower rate. Delgado^^ has recently observed a rapid decrease in the de- 
gree of parasitism and in the morphologic characteristics of the B. bacilliformis 
(changes similar to those described by us) in a patient with bartonellosis with 
a severe degree of anemia, who recovered after receiving large doses of penicillin. 

It will be important to study in the future the effect of penicillin on the 
development of the eruptive lesions of human bartonellosis; Vila Acuna“ has 
reported a prompt regression of cutaneous nodules in a patient treated with 
this drug. It will also be necessary to determine whether these lesions' fail to 
develop in patients who have received penicillin therapy during the first stage 
of the illness ; such occurrence, noted at least in one of our two patients, Avould 
favor the interpretation that sterilization of B. bacilliformis is accomplished 
during the period of therapy. Aldana,^® who is now studying the effect of peni-' 
cillin in vitro, is of the opinion that this drug has a bacteriolytic effect upon 
cultures of B. bacilliformis. 

SUMMARY 

Penicillin was employed in the treatment of two patients with bartonello- 
sis (Carrion’s disease) during the initial noneruptive period of the illness. 

The favorable effects observed clinically in these patients and in the 
degree of red Ijlood cell parasitism, together with the changes in the morpho- 
logic characteristics of the responsible organism in the red blood cells, suggest 
the desirability of carrying out further studies to elucidate the value of peni- 
cillin in the treatment of human bartonellosis. 
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A STANDjVEDIZED back bdbn proceduke for the white eat 

SUITABLE FOR THE STUDY OF THE EFFECTS OP THERAPEUTIC 
AND TOXIC AGENTS ON LONG-TERiH SURVIVAL 


Miles D. McC.iiithv, Pii.D. 
Philadei-phu, Pa. 


With the Technical As.sist.\,\'ce of Avne R. Lewis and Je.an Conver 


IN ORDER to evaluate vaTious methods of therapy in the treatment of sei'ere 
thermal burns in rats, as evidenced by long-term survival, a standard burn 
procedure has been developed with the folloiving objectives; (1) reproducible 
survival rates; (2) preseiwation of uninjured extremities, thus allowing the 
animal greater freedom of movement and the investigator nntraumatiaed veins 
for infusion and hematocrit sampling; (3) elimination of complications from 
additional trauma and hemorrhage resulting from antoingestion ; and (I) 
preservation of uninjured body orifices to pennit voiduig of urine and defecation. 

The Experimental Animal , — The Wistar rat* was used as the test ani- 
mal. All rats received from the Wistar Institute Averc hept in our stock 
room for at least one week prior to their use. The animals were kept in small 
cages (five per cage) and all were fed Purina dog ehcekera supplemented with 
whole milk. Appro.ximatoly lu’enf.v-four hours prioi' lo an e.xperiment, the desired 
number of rats of the proper weight range was selected at random from the stock 
cages and moved into the experimental room. They were kept in individual tvire 
cages at an average room temperature of 27° C. f variation 26 to 30° 0.) and 
an average relative humidity of 52 per cent for tiie duration of the e.xperiment. 
Diurnal variations in temperature fell ivithin the uhove range; however, be- 
cause of lack of air-conditioning facilities, diurnal humidity I'ariation ivas 
uncontrolled. This temperature was found by Horst, Mendel, and Benedict* to 
be that at which the minimum metabolic rate or a .state of tiici-mal equilibrium 
prevails. The rats had free access to food and water until about one hour 
prior to burning, at U'hieh time they iverc reu-eighed and carefully examined 
lor any signs of respiratory infection. All animals e.xhihiting a questionable 
mfeetion u-ere discarded. 


Observations on several groups of burned rats having free access to food 
and Avater shoAved great indiA'iduai v'ariation u'ith respect to Avater intake 
during the first tu'eh'e hours after the hiirii. During this interval some rats 
did not drink at all. During the second twelve-hour interval folloAving burn- 
fflg all rats drank some Avater. Hence, in order to lessen any probable effect 
resulting from the individual variation, ivater Avas withheld from all burned 
rats for the first tAvelve hours folloAving the burn. Since very few animals 
shoAA-ed any interest in food during the first twenty-four hours postburn, food 
"as therefore Avithheld during this period. 


fennart?™! HsT'sen Department of Surgical Research, Schools of Jledlclne, University of 

Work done under contract tvfth the Office of geientifle RpseareJi and Pevelopment. 
Received for publication, Aug. 16, 1945. 

. *For reasons of availability, Ibe rats used in these experiments were those not used 
MS because of their faiJiirt* to conform to srowth rate standards. The rats were 

otnerwise healthy animals. 
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Technique and Conditions of the Burn Procedure . — scald burn of the 
back was produced by immersion in a constant temperature batb (Fig. 1) . The 
unshaved rats were anesthetized in a glass specimen jar, volume 8,816 c.e., 
containing a coarse mesh wire screen platform elevated 9.0 cm. over a pad of 
ether-saturated cotton (Fig. 1). Optimum anesthetic conditions were obtained 
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StaM T f anesthesia 

and h“oad w4e “si" ^ 

C* The b“th^t’ ^ stopwatch, at a bath temperatureTf h^'o.T 0.25« 

a delth of thermometer lowered to 

aritTtcd hv ; of ‘>*0 bath. The water was coutinnonsly 

if ‘ wf ooaPtossed air bubbler placed on the bottom of the tank (Flo 

in nn removed from the bath, the rats were gently blotted by rollin'^ them 
m an absorbent towel and then removed to individual wire cages. 



F<ff, 3. 


^Measurement of, and Limits of Variation of, the Burned Area . — A series of 
o^aved rats were immersed from the base of the skull to the base of the tail, 
^th the lateral and ventral burned ai-ea varied by arching the back. Examina- 
ion of the internal surfaces of the skin of these burned rats showed the burned 
area to be shai’ply demarcated from the uninjured area. The skins were 
smoothed out just enough to allow them to lie flat when pinned to a flat cork 
™rface. The perimeter of the burned area was traced on a piece of cleared 
k^ay filni with a glass marking pencil and the tracing measured by a planimeter 
'big. 3). The relationship of the burned area to the unbumed area was ex- 
pressed in terms of per cent of the total body sui’face, which was calculated from 
be formula S =. ICW° “ (K 12.54), given by Lee- for the white rat. 
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By varying the curvatui'e of the back on immersion from that in \s'hich the 
belly is covered by water to that in which the water covers only the dorsal sur- 
face, the burned area can be varied from 45 per cent to 10 per cent of the total 
body surface mthdirt involving the extremities or the tail. It was found that 
■^vith practice, using anatomical landmarlts, any desired per cent surface within 
the above range could be x’eprodueed rvithin ± 2 per cent. Tlie survival data 
reported below has been obtained for i‘ats receiving burns of 20 i>er cent, 32 per 
cent, 36 per cent, and 45 per cent, with a maximum variation of ± 2. 

Skin measurements on three groups each of four and eight rats sacrificed at 
twenty-four hours following the bum showed a consistent variation in per cent 
surface burned of ± 2. However*, in all experimental groups in which the sur- 
mval rates were cheeked for ten days, tire burned areas of the surviving rats 
sacrificed at ten days were found consistently to average about 6 per cent less 
than those in the same groups dying within seventy-two hours following the 
burn. Hence, in ail experimental groups two checks on the uniformity of the 
burned surfaces were obtained. All animals "within any experimental group 
having burned areas not falling within the desired range were eliminated. 

Pereenr SiArvivaX of Untregteit Scald. Bt*rnad. Rats . 

1 0 £% surface i>urn.) 


% 



The Relationship of the Burned Surface to Survival. — Preliminai’y experi- 
ments showed that in order to obtain reproducible survival percentages for any 
given per cent burn administered accoi-ding to the conditions outlined, the 
initial weights of the burned rats must fail within a closely selected weight 
band. Accordingly, two weight bands have been studied extensively: (1) 190 
to 200 grams and (2) 200 to 210 grams. Within these two weight groups, all 
rats receiving burns of 35 per cent or more of their total body surface have 
died within forty-eight hours following the burn (ten rats in each weight 
group), and all rats receiving burns of 20 per cent or less of their total body 
surface hare survived (ten rats in each weight group). Those animals reeeiv- 
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and to such a depl that I !1 

the gleaovci'tebi-al angle of the scapula%'ml''th/fv'' ‘'™ Points, 

!nive shown a consistent ..ve -?! , °f the femur, 

groups of 54 per cent In combined weight 

rats in each wei.»ht -'rottn and ft * survival of twenty-five 

The ditference in Lr re.V «hc average survival of the combined groups. 


Ptretnt Sa piival of Unlrta tcU Scam Burnta RaU 
sur/'ace -iurij) 

ShamtlJAhs effect oPlieniatocrll Samplm? 



that Manipulation on Survival. — Early analysis of the data showed 

handling of burned rats and the resultant blood loss, although small, 
sev ^ f ''‘^“afnorit samples markedly influenced survival. These samples. 
War* obtained by loosely rolling the unanesthetized ani- 

int *** ** tdeking the lateral tail vein, and drawing up 0.03 c.o. of blood 

”, ^ uniform bore capillaiy tube, after ivhieh the wound was closed by 
of** through a sterile ganze sponge and by sealing ivith a drop 

lift ** ® sliown a significant decrease in survival between the 

jgj7 ““handled animals, curve 1, and the fifty animals subjected to hematocrit 
bet ** fcpi’csented in curve 2 corresponding to a probability value of 
““<3 tl-01 as calculated from the Chi square formula of Fisher.® 

Pro rf Survival Resulting From Various Deviations From the Standard 
burn™*'^'’ sundval rates recorded iu Figs. 4 and 5 for the 32 per cent 
"’ere reproducible only when all variable faclors were rigidh’ controlled 
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Four or uioi’e animals were used in each experimental group and in no experi- 
mental group included in the data given did all of the animals survive or die 
when the standard conditions obtained. Hence, small changes in the standard 
conditions described below Avhich caused all of the foiir or more of the tested 
animals either to survive or to die were considered real, although the numbers 
of tested animals were too small to be treated statistically. 

"With all other factors constant, a lowering of the bath temperatvire of 
2° C., that is, 88° ± 0.25° C. for fifteen seconds, permitted 100 per cent survival 
of ten rats tested. 

A reduction of the immersion time from fifteen to ten seconds, other fae- . 
tors constant, allowed a 100 per cent survival of ten rats tested. Increasing 
the immersion time from fifteen to twenty seconds reduced the survival of ten 
rats tested to 20 per cent. 

Fifteen larger animals weighing between 220 and 230 grams when sub- 
jected to the standard burn conditions all survived. However, with other con- 
ditions standard, all rats ranging in weight from 220 to 350 grams died when 
given a 45 per cent ±2 body surface burn. 

The experiments giving the survival rates recorded in Figs. 4 and 5 were 
done in the months from November to May, inclusive. In June, however, 
twenty-one of twenty-two (95.5 per cent) rats tested survived. These experi- 
ments were done with a mean elevation in room temperature of 2° C. and an 
increase in average humidity from 52 to 62 per cent. All other experimental 
conditions were maintained as outlined in the standard procedure. The sur- 
vival rate of these twenty-two animals when compared to that of any group 
of twenty-two of the 100 rats reported in Figs. 4 and 5 shows a statistically 
significant difference. Other factors than those of temperature and humidity, 
for example, seasonal variations in quantity and character of the fur and 
seasonal blood volume changes, may be responsible for the increased survival 
rate. 

DISCUSSION 

The back burn procedure outlined has several advantages over the complete 
immersion type of burn for a particular portion of the body, especially when 
it is desired to maintain the animals over a long pei’iod of time postbum for 
study. The animals are not able to eat the injured tissue, thus avoiding addi- 
tional trauma and hemorrhage. The extremities remain functional, allowing 
the animal freedom of movement and allowing the investigator untrauraatized 
veins for infusion and blood-sampling procedures. 

It was found that rats burned to the axillas were usually unable to void 
urine or defecate normally after seventy-two hours follmving the burn as a result 
of scab formation on the external genitals and anus. These tissues are not 
affected as a result of the back burn and hence no complications of this 
nature arise. 

Intraperitoneal complications arising when the ventral body surface' was 
burned were also avoided by the back burn. 

Since the burned area can be easily removed upon the death or sacrifice 
of the animal, accurate measurements of it can be made, thus permitting com- 
parisons of uniformly injured surface areas. 
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l''roiii the data presented it can be ooneluded that the reproducibility of 
the recorded survival percentages is critically dependent on the standardi- 
zation of all conditions incident to the method. Although other strains of 
rats were not tested, it is possible that the data recorded for this procedure 
may not bo reproducible for other strains of rats.' 


SOMMABY 


A standard back burn procedure for the wiiite rat (Wistar strain) is de- 
scribed. Survival rates are recorded for the following percentages of the total 
body surface burned : 20 per cent, 32 per cent, and 45 per cent (ail ± 2). En- 
vironmental and bath temperature changes, humidity variations, seasonal change, 
variability in immersion time, animal variabies including strain, weight, sex, and 
condition, and manipulations to which the animals may be subjected are all dis- 
cussed in relation to their effect on stuwival. 

Because of the sensitivity of the method to changes in any one of several 
variable faetora, it is recommended that .simultaneous controls always accompany 
experimental groups. 
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to ^'^®^Mata^su™iviU^rates simflar to those reported. It was 

has shown that tn order to obt^n survitiu raw ^ factors constant. Fifty per cent 
to increase immersion time whiie kewltix ^ ^ g,. mortallty-waa ob- 
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HYDROLYZED CASEIN (CAP AIN) AS A PLASi\'IA SUBSTITUTE 

R. Brinkman, L. D. Eerland, L. A. G. Hissink, and J. J. M. Vegter 

Groningen, Holland 

T he continuing attempts to find a suitable plasma substitute indicate, since 
the use of Bayliss’ gum solution, its need in many cases of surgical shock 
and allied conditions. In order to find a plasma substitute which combines a 
considerable water-binding power with complete tolerability, we manufactured 
a protein hydrolyzate from casein by papain, “eapain,” showing the following, 
properties : 

1. The hydrolyzate is prepared by digesting commercial casein in buffer 
solution (pH = 5.8) with unactivate'd papain at 70° C. All unhycfrolyzed 
protein in the resulting mixture is precipitated by adding trichloroacetic acid 
up to a final concentration of 3 per cent. The trichloroacetic acid is removed 
by boiling at slightly alkaline reaction, the pH is adjusted, and the spRition 
is concentrated to the desired strength, usually to a nitrogen content corre- 
sponding to a 15 per cent protein solution. A suitable preservative may be 
added. The eapain solution is sterilized by boiling once more and kept in 
sealed glass bottles; it can be stored for over a year (or longer) without 
cloudiness or other interferences with suitability. 

2, , Preliminary tests have shown, that although free amino acids may 
occur, most of the hydi-olyzate is in the form of polypeptides, the average degree 
of hydrolysis having proceeded to the octo-peptidc stage. Tests for important 
amino acids are all strongly positive, especially so when a small amount of 
laetalbumin had been added to the casein before digestion. 

In Pig. 1 is illustrated the water-attracting power of a 13 per cent eapain 
solution compared with that of 2 and 5 per cent sodium chloride solutions, to 
10 per cent glucose, and to human plasma. Care has been taken that not only 
the initial but also the prolonged attraction of water through cellophane was 
tested. It is seen that the oncotic attraction of the eapain solution is about 
seven times the attraction by plasma; this can also be observed b}"^ setting 
eapain and plasma against each other in an osmometer. Capain will exert a 
considerable osmotic pressure (more than 2 M. of water) against plasma and 
uphold it for ten hours or more. 

The strength of a eapain solution may be evaluated by a Kjeldahl nitrogen 
estimation or by polarimetric or osmomctric measurement. All three kinds of 
determination give proportional results. 

The cellophane ultrafiltrate of capain contains about one-third of its 
nitrogen content, so roughly two-thirds of the nitrogenous material does, not 
pass through cellophane. The depression of the freezing point of capain 
ultrafiltrate is -0.85° C., so it must be considered as slightly hypertonic. 

3. We can make the following statements about the pharmacology and 
immunology of capain injections: 

(a) In rabbits, eapain was very effective in restoring the blood pressure 
lowered by extensive bleeding to such degree that the infusions of salt solutions 

From the Biochemical Institute and Surgical Clinic, 

Received for publication, Angr. 23, 1945. 
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could not prevent severe hypotension. In normal animals injections of a large 
amount of capain (2 c.c. per kilogram) caused a slight increase in Mood pres- 
sure; no other symptoms were observed. 

It was not possible to sensitue rabbits by previous injections of capain in 
the usual way; no anaphylactic or cutaneous reactions developed and no pre- 
cipitin was formed. Wo consider, how'ever, that the testing of a solution for 
the treatment of shock cannot be carried out by animal experiments alone; 
the human reaction is so much more sensitive that in our opinion the linal 
evaluation can be made only on human subjects (recorded under 3 fbj). 



(b) Capain was given intravenously in inereasing doses up to 20 e.o. to 
normal persons and to suitable patients; no reactions, with the e.veeption of 
slight headache and facial heat, were observed; any cutaneous reactive sensi- 
tivity to capain was absent. Capain infusion was given m the umbilical veins 
in prematurely born infants, with a view to provide protein feeding; no food 
was given, orally.' It was shown by Dr. J. Jonxis, in the Botterdara pediatric 
eiinic, that a positive nitrogen balance could be maintained in this w^- -'rise 
in the newborn infant and in older children the suitability of this hydrolyzate 
tor intravenous protein nutrition was demonstrated. We consider th^e ob- 
Mrvations as better proofs for the nontoieity of capam infusions m human 
patieats. 

In the Groningen pediatric clinic a number of stan’ed eluldreu (about 
forty) with ‘‘infectious toxic shock” symptoms was successfully treated (in 
regard to the shock symptoms) by capain infusions. This is another indication 
'’■at, in the treatment of shook by capain infusions, to.vio eifeets are not to 

i>o expected. 

The possibility of protein growth from the intravenous injection of a 
wsein digest not completely hydrolyzed may be in aceord.inee with^tho assump- 
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■tion of iladden , and Whipple’ and others who showed that proteiii^starved- 
dogs can be Icept in nitrogen eciuilibi'ium by the intravenous injection of dog 
plasma without detectable increase in blood amino acid concentration. The 
hypothesis of realignment of larger polypeptides for intracellular protein 
synthesis without complete breakdown to amino acids is sustained by the ex- 
periments with tagged amino acids and by tlie observation of Piseher,- showing 
that protein growth in tissue cultures can in many eases be better mahrtained 
by a protein hydrolyzatc in which the enzymatic breakdown has not progressed 
too far. 

(c) Next to the water-attracting property of capam, a vasoconstrictor 
activity must be reckoned with. Arteriolar constriction was directly observed 
and filmed in a Lewis chamber in the rabbit’s ear; its onset regularly was ten 
minutes after the intravenous injection of capain. Moderate venoconstriction 
not interfering with the infi^sion Avas seen in several cases by Dr. Jonxis during 
injection in an exposed vein in ueAvborn infants. 

4. Clinical experiences. The infusion of a solution containing capain for 
the treatment of various kinds of surgical circulatoiy shock was studied in 
the Groningen surgical clinic in seventj’ cases and was reported by one of 
us (L. A. G. H.) in the Communications of this Clinic, Vol. 5, p. 242. The 
treatment Avas uniformly successful in regard to the re-establishment of nor- 
mal minute volume and arterial blood pressure, so that it has noAv become a 
routine procedure. In a large number of comparable cases outside the Groningen , 
clinic, Avhich Ave haA’-e not observed, the general result appears to havm been the 
same. A comparison with Avhole blood could be made in about fifteen patients, 
and the result is certainly not unfavorable toAvard the capain infusion. In pa- 
tients Avith a very Ioav hemoglobin content Avhole blood is, of course, indicated. 

A certain number of chills Avas observed (about ten), especially during 
very rapid injections. They Avere, as a rule, not severe and in every instance 
promptly responded to treatment; other deleterious effects were not present. 
Thrombosis Avas not obsecA^ed, although the infusion Avas sometimes pi’olonged' 
for from tAvo to three days. In some cases the vasomotor action Avas clinically 
evident by a quick response of the blood pres.sure before the circulatory volume 
could have increased sufficiently. 

The routine procedure in nearly all eases of surgical shock, characterized 
by loAv venous pressure, Avas rapid infusion of saline or glucose solution, to 
Avhich 100 c.e. of capain per liter Avere added; in prolonged infusions the 
capain concentration may be loAvered. The increase in both arterial pressure 
and venous filling must guide the rate of capain infusion; in severe cases it 
cannot be^ given too rapidly. The average total amount of capain per patient 
Avas from 200 to 300 c.e.; in extreme conditions, a total up to 800 c.e. has 
been given. 

Capain is much simpler to store and administer than is plasma; it keeps 
indefinitely at room temperature, may be boiled, and is used by simply pouring 
into the saline infusion. This must be an adAmntage in field conditions, espe- 
cially so in the Tropics. 
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STUDIES OX JIVPKKTKXSIOX 

V . Effect of High Swnal Axesthesia ox thi: Blood Pkessuiie of Patients 
With Hypeutensiox and Par-Advanced Kkxai, Disease— Its Possible 
Relationship to tiif I*\tiiogkni'1sis of Hypertension 

Raymond Gregory, It.D.. .vnd Wii.i.um C. Levin, If.D. 

(lAI.VKSTON, Tr\'\s 

pREV10U>S investigations''* lune led us to douht that essential liyperteiisiou 
is due to an abnormality of (he lonal pressor mcelianism — renin, renin sub- 
strate, and angiotonin. This doubt losiillod from studies of tlie effect of spinal 
anesthesia on the blood in’essurc of patients ivitli essential Iiypertension, the 
‘ effects of various agents including aiigiotonm on tlic blood pressure of these 
patients at the time of tlie fall produced by sjjinai anestliesia, and the bioassay 
for angiotonin in blood from normal patients, those with hypertension, and 
others made hypertensive by intra\enou.s itijcction of angiotonin. In general, 
the patients previously studied had essentially normal renal function or at 
least did not liave nitrogen retention. 

Proponents of the humoral etiology of essential Iiypertension^ have at- 
tempted to explain the consideralilc and long-lasting fall in blood pressure 
which may be caused by various operations on the sympathetic nervous system 
on the basis of a decrease in vasomotor tonus to the kidney alone. This is 
postulated to result in improvement of the renal blood flow and a consequent 
-decrease ui the production of renin by the kidney. While we have called aUen- 
tion to the unlikelihood of this In previous publications*- * based ou the studio.s 
mentioned, \vc believe that additional information bearing oil this point might 
result from a comparison of the effects of high spinal anesthesia on the blood 
pressure of patients Avitli hypertension and norma) renal function with the 
I'ffccts similarly obtained on patients with hypertension and far-advanced renal 
m’teriolar di,sease as shown by tlie presence of uremia. 

Since the present study was undertaken. Corcoran and Page‘s have shown 
lhat there is no increase in diodrast and innlin clearances in patients whose 
blood pressures have been caused to fall by surgerj' on the sjunpathetic neiwous 
system. Our studies^ have shown clearly that there is a decrease in inulin and 
diodrast clearances in patients whose blood pressure lias been eau.sed to fall 
hy spinal anesthesia. 

The present study is pai-tieulariy pertinent in \icw of Corcoran’s* state- 
ment, *‘It is only those (patients with hypertension) in whom organic arterio- 
disease is absent or minimal who con.sisfenfly sltoxv evidences of vasomotor 
m-igiii/' It- must be agreed that patients who have uremia resulting from essen- 
1ml hypei'tension Iiave *‘far-advaneed arteriolar di.sea.se.” at least in tlie kidneys. 

It is for these reasons that these studies have heeii made ou patients witli 
m'emia. Our original approach in this direction was dictated by our belief 
lhat the elevated' blood pressure of In-pertensive patients witli far-advanced 
renal a rteriolar disease would not fall as much tinder spinal anesthesia as the 

H... .r the DeDvirtment o{ Ijiloni.-.l Ar.-iCfln**. ITnlverslty of Texas School of Medicine, and 

Jolm Scab Hospital. 

Rf'ceived for pubUc-aUon, Au~. 23. ISIS. 
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64 

60 
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1.009 

1.026 
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1.017 
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DURATION OF 
SIGNIFICANT BLOOD 
PRESSURE FALL (MIN.) 

LEVEL OF 

SENSORY 

ANESTHESIA 

MOTOR PARALYSIS 
LOWER LIMBS 

MALIGNANT 

PHASE 

URINARY 

FINDINGS 

120/90 

60 

ft 

Slightly 

above 

nipple 

line 

Yes 

Yes 

iVlbumin, 3+; gross 
blood; many 
casts 

124/70 

76 

2nd I.S. 

Yes 

Yes 

Albumin, 2+; 4 to 
5 B.B.C. per 
H.P.P.' occa- 
sional cast 

126/80 

37 

2nd 1.8. 

Yes 

No 

Albumin, 4+; 
many pus cells 
and casts 

162/138 

42 

2nd I.Sv 

Yes 

No 

Albumin, 4f; 
many E.B.C. 
and pus cells; 
occasional cast 

75/50 

86 

Unable to 
cooperate 

Yes 

Yes 

Allmmin, 3+; fro-, 
quent B.B.C., 
W.B.C., and 
casts 

186/90 

53 

2nd I.S. 

Yes 

No 

Albumin, 3+; - 
gross blood; 3 
to 5 W.B.O. per 
H.P.P.; occa- 
sional cast ■ 

220/146 

49 

3rd I.S. 

Yes 

No 

Albumin, 3f; nu- 
merous pus cells 
and casts 

160/72 

63 

3rd I.S. 

Yes 

No 

Albumin, 41; 
many W.B.C.; 
occasional 

E.B.C. 

210/98 

57 

Clavicle 

Yes 

No 

Albumin, 4f; fre- 
quent casts, 
E.B.O., and , 
W.B.C. 

186/102 

34 

Xiphoid 

Yes 

No 

Albumin, 44 ; 8 to 
10 E.B.C. per 
H.P.P. 

186/108 

43 

Xiphoid 

Yes 

No 

Albumin, 2+; 
many E3.C., 
W.B.C., and 
casts 

184/112 

72 

2nd I.S. 

Yes 

No 

Albumin, 2+; 
many E.B.C., ' 

W.B.C., and 
casts 

156/100 

80 

Slightly 

above 

xiphoid 

Yes 

No 

Anuria; albumin, 
4+; many 

E.B.C., W.B.C., 
and casts 


•Same patient. 

- ILowfist level of fall. 
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Hid. Of Procaine HYDROcnLoNiDE on Bmod Brbssdre 
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nephrosclerosis 


PspiUedcma, Ueniorrlmcos. 

S-T, und S-T., dc 

Not done 

It.B.C., 2.S M; Hb,, 68% 
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Died at homo; kidney removed: 
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pressed; Ty nog. | 
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1 
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QRS slurred; T, 1 
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No anemia 

^*ul,^i*'prteasivo changes, 

Not dono j 

Chronic glomcmlonephritis 

'K.B.C., J.5 M; Hb., 25% 

^dates 

Not done 

Chronic glomerulonephritis 

!r.B.C,, 3.5 M; Hb., 25% 

•''» leport ’ 

Not done 

Patient recovered 

Diagnosis: Acute glomeruloneph* 
ntis; R3.0., 3.8 il; Hb., 77% 
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blood pressure -of patients with hypertension and normal renal function under 
the same conditions if the initial blood pressure elevation is due to a humoral 
substance produced in the kidne 3 '. It is logical to assume that interruption of 
vasomotor impulses to the kidnej' is not likely to influence favorably the circula- 
tion through the kidney which has such extensive and intensive vascular path- 
ology as to result in uremia; and it is pertinent again, in this relationship, to 
refer to work^ which has demonstrated a decrease in inuiin and diodrast clear- 
ances in hypertensive patients whose blood pressure has been caused to fall to 
normal by interrupting vasomotor function witli spinal anestliesia. 

METHODS 

Hypertensive patients with uremia were selected at random. Preliminary 
control blood pressures and experimental observations Of the effect of spinal 
anesthesia on the blood pressure levels were done as previously described.’^ 
All of the patients showed clinical evidence of uremia. Eenal failure was 
confirmed by significant elevation of blood nitrogen. 

RESULTS 

In Table I are contained tlie data obtained in tliirtcen studies on twelve 
patients. Ten of them were diagnosed clinically as having essential hyperten- 
sion, one was diagnosed as having acute glomerulonepliritis (T. B.), and one, 
chronic glomerulonephritis (H. R.). The diagnosis of chronic glomeruloneph- 
ritis was confirmed by necropsy. In addition, five other patients were studied 
at necropsy. Necropsy showed that one of those (L. L.) with a clinical diag- 
nosis of essential hypertension had chronic glomerulonephritis with an acute 
exacerbation. One patient (C. S.), diagnosed clinically as having essential 
hypertension, was found to have a superimposed chronic bilateral pyelonephritis 
at autopsy in addition to arteriolar nephrosclerosis. The kidney of one patient 
(A. B.) was studied after nephrectomy done as result of a mistaken clinical diag- 
nosis of unilateral pyelonephritis as the cause of the hypertension. Pathologic 
examination of this kidney showed a slight amount of pyelonepiu'itis and pri- 
marily arteriolar nephrosclerosis. The nephrectomy had no favorable influence 
on the hypertension. The patient’s clinical course was rapidly and steadily 
downhill and she died in uremia six months after nephrectomy. The studies 
summarized in Table I on A. B. were done following nephrectomy and after 
supervention of uremia. Autopsies on L. S., T. D., and W. C. showed arteriolar 
nephrosclerosis. 

Further analysis of the tabulated data shows that high spinal anesthesia 
produced a marked fall in both sj'stolic and diastolic blood pressure in five pa- 
tients (S. B., L. S., B. M., C. S., and E. F.). Of the remaining .seven patients 
whose blood pressure fell only moderately (L. L., A. B., E. H., T. D., W. C., 
H. R., and T. B.) under the influence of high spinal ane.sthesia, one (T, B.) 
had acute glomerulonephritis with anuria, two (L. L. and H. B.) had chronic 
glomerulonephritis (at autopsy), one (A. B.) had proved pyelonephritis in a 
kidney removed during life, one (B. H.) had an observed clinical course of from 
four to five years of pyelonephritis, and the remaining two (T. D. and W. C.) 
had arteriolar nephrosclerosis proved at autopsy. 

The initial level from which the blood pressure falls due to high spinal' 
anesthesia is not a determining factor in the extent of the fall, as can be seen 
by the fact that blood pi’essure well over 200 mm. Hg was eneountered in both , ‘ 
individuals with marked falls as well as in those who showed only moderate drops 
in blood pressure. 


STUWKS ON HmiKTKNSION 


JOil 

J^eeropsies wex’e done on hvo (L S ‘nirl n Q \ fi ^ 

rjr.rx?,=“ fa 

UKCOSSION OP liESUOTS 

Five of twelve patients (S. B., L. S., R. II C S and P w i ,1,. ^ 

.1 ».i M„„. 4 a; 5“ T'r>t 'STfTw” ‘f- r ' 

sarr •' 

sufficientlv 1^1 ‘ "'“I »•“! Wood pressure of patients with 

edlv d, disease to produee uremia should still fall mark- 
ed st if I'J-pertension is of vasomotor origin, 

™d h tUd not fall markedly if the hypertension is of renal humeral origin 
■ 'i tail being dependent uiion improvement in renal blood flow. 

•'** f'“i® ettplanatiou. This is 
. 0\M1 by the fact that seven (I/, h., A. B., E. H . T, D., W. C., H. R., and T. E.) 

wclve patients failed to show as marked a fall as we obtained in the other 
stiW*. “ marked as we have shown in numerous other patients, the 

> 01 whom formed the basis of other publications.** ’ 

In the attempt to ox-piain our failure to obtain marked falls of blood pres- 
anesthesia, we analyzed our data fiirtlier. Three of these 
^en (L. L., h. 2,,(J -p r j or chronic glomerulonephritis. The 

lagnosis of chronic glomeriiloiiephrili.s wa.s proved by necropsy in two of these 
' II- _R-). An additional patient (E. II.) had a justifiable clinical diag- 

nosis of blironio pyelonopliritis as shown by our own clinic and hospital records 
^ repeated pj’uria, etc., for approximately five yeat‘s' duration. 

We do not understand the significance of the variability in the results ob- 
amed in our patients with ioiown nephritis and hypertension. While we realize 
speculative, it is at least reasonable, on the basis of great aeeuinulation 
evidence, to assume that if there is such a thing as hypertension of humoral 
■ Iniman being, it is probably to he found in the individuals with 

mtnnsio renal pathology.* 

While we have no proof, we assume that the failure to respond with marked 
T 'r Wood pressure is e.xp!ained definitely in three cases (L. L., H. E., and 
• ■) and possibly in another ease (E. H.) by our farther assumption that the 
P wgenesis of elevated blood pressure is different in essential hypertension and 
cute and chronic infiammatoiy disease of the kidnej-. Unfortunately for this 
Sfflnmption, four patients with proved cases of acute or elironic inflammatory 
mseases of the kidney (E. L., H. R, T. R, and E, H.) and three with proved 
'ases of arteriolar nephrosclerosis {A. B., T. D., and W. C.) reacted similarly 
.? ®Pmal anesthesia with only moderate drops of blood pressure. In four pa- 
lents, with renal inflammatory disease there was an average fail of 26 mm. Hg 
y olio and 18 ram. Hg diastolic pressure. In three patients with nephrosclerosis, 
p average fall was 31 ram. Hg in systolic pressure and 25 mm. Hg in diastolic 
pressure. While tliere is a difference, the amount of difference and the few 
eases do not warrant definite conclusions. 

We have not e-xplaiued failure to obtain a marked fall in blood pressure 
' anng spinal anesthesia in three other patients (A. B., T. D., and W. C.), all 
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of -whom had a clinical diagnosis of essential hypertension, -two of whom showed 
at autopsy only arteriolar nephrosclerosis as the cause of renal failure, and one 
(A. B.) of whom showed, in a surgically removed kidney, arteriolar nephro- 
sclerosis to be the essential lesion plus a slight pyelonephritis. 

In the attempt to throw further light on this matter, we have analyzed the 
data in terms of initial blood pressures. An explanation cannot be found here, 
as can be seen by the fact that five patients (S. B., L. S,, R. M., 0. S., and E. P.) 
had initial systolic blood pressures ranging from 226 to 244. The blood pressures 
of all these fell markedly during spinal anesthesia. 'Whereas those patients who 
did not show much fall during spinal anesthesia (L. L., A. B., E. H., T. D., 
W. 0., H. R., and T. R.) had initial systolic blood pressures of from 178 to ,250, 
five of these (L. L., A. B., T. D., W. C., and H. D.) had initial pressures in the 
same range as the five who showed such a marked drop. 

In view of the acceptance of the idea^® that renal failure of extreme degree 
results also in a loss of the metabolic and detoxifying fimetion of the kidney 
with possible retention of pressor substances, our data have been analyzed from 
the viewpoint of the difference in the amount of nitrogen- retention in patients 
who showed marked blood pressure falls compared to those who showed slight 
to moderate falls in blood pressure. 

In the five patients who showed extreme falls in blood pressure, the non- 
protein nitrogen varied from 75 to 171 mg. per cent, with an average of 114 
mg. per cent.- In the patients (including those with nephritis — W. 0., H. B., and- 
T, R.) who showed only slight to moderate falls in blood pressure, the individual 
variations in nonprotein nitrogen were from 81 to 300 mg. per cent, with an aver- 
age of 174 mg. per cent. 

At present we are unable to di-aw any definite or far-sweeping conclusions 
from the fact that the patients in the group showing the greatest falls in blood 
pressure had less chemical evidence of uremia than did those in the group which 
showed only slight to moderate falls in blood pressure. We are, however, 
postulating the possibility that the blood of patients in uremia contains signifi- 
cant and sufficient amounts of pressor substances, such as aromatic amines or 
phenols, to explain perhaps the variability of the degree of blood pressure fall 
during spinal anesthesia. Individual susceptibility to drug action must not be 
disregarded as a further possibility. 

SUMMARY .\ND CONCLUSIONS 

Falls in blood pressure obtained durmg spinal anesthesia in patients with 
essential hypertension and uremia may be %’^ery marked and as great as falls of 
blood pressure similarly produced in patients with essential hypertension and 
normal renal function. 

We believe that the great fall in blood pressure induced by high spinal anes- 
thesia indicates that the elevation of blood pressure is due to increased vasomotor 
tonus even in patients mth extreme irreversible arteriolar disease as shoivn by 
clinical and chemical evidence of uremia. 

These results are contradictory to the thesis that the fall of blood pressure 
in hypertension produced by functional or anatomical interruption of the 
sympathetic nervous system is due to improvement in renal blood flow. 
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THE EFFECT OF INTRsV VENOUS TYPHOID VACCINE ON THE 
INTRAVENOUS GLUCOSE TOLERANCE TEST 

I'Ieutenant Colonel Joseph M. Looney, Medical Corps, Army op the 
Unitkd States 

'Y'HE administration of glucose intravenously to replace that usually given 
irclT^ ^ carrying out glucose tolerance examinations has been proposed by 
tim ‘'Associates.' Tiie obvious advantages of the test are reduction in the 

discr (-from several hours to fifteen minutes) and obviation of marked 

repeated examinations caused by irregularities in rate of ab- 
Avas ^ sufficient number of control tests on normal subjects 

le immediate incentive for this investigation which Avas performed on a 
bei^^t°^ ^lormal soldiers. Later the tests were repeated on a group of soldiers 
^ reated for gonorrheal infections by fever therapy induced by intravenous 
IfiisV^^^ triple typhoid vaccine. The inclusion of the initial tests from 
, group Avith those of the normal subjects appeared Avarranted on the 

® JRd that such a local infection Avould not significantly alter the results. 

The tests Avere made under basal conditions by the intravenous injection of 
02r^^ physiologic salt solution. The dose Avas equivalent to 

ini kilogram of body Aveight. The entire volume of sugar solution was 

u one and one-half minutes and glucose determinations were 

^our^ fi ^olin and Wu method on samples of blood talcen precisely at three, 
stn •* fifteen minutes after the injections AA’ere started, Avithout 


^ese studies were carried out at the Station Hospital. Fort Custer, Mich. 

ecelved for publication, Auff. 23. 1945. 



1044 


I 


LOONEV 


’r.VBi.E I. luTa-WEXOus 'i'or£ru\NCK Tests 


CASK 

i 

1 < 

1 

M 
tr* {i 

a 2; : 

2 » ! 

w S ' 

1 

! 

. Oi 

W 

CG 

O O ' 

i 

X cS 

.OOD SUG.\R (ilG. PER CEXT) 

1 POSTISJECTIOX 

. 

1 D.\TE 

DIA(JNOSISi 

s . 

D 1 

rj si 

« d 

Ed 

ta 

§ 
P* I 

'Z 

o 

< 

E 

cc 

J 

3 I 

MIN. ! 

1 ' 

1 MIN. 

1 ® 
j MIN. 



1 

24 

138 

12.5 

74 

154 

190 

157 

153 

148 

12/17/43 

a.c.* 

98.6 92 18 

o 

21 

140 

12.5 

71 

125 

138 

158 

118 

109 

12/14/43 

G.C. 

99.5 110 

23 

r> 

OO 

173 

15.7 

72 

ISO 

184 

156 

121 

100 

12/13/43 

G. c. 

98.6 

82 

20 

4 

oo 

17.3 

15w 

71 

178 

173 

167 

101 

94 

12/18/43 

G. C. 

9S.0 

64 

18 

5 

23 

165 

15.0 

70 

160 


153 

109 

102 

12/13/43 

G. C. 

97.6 

80 

IS 

(5 

20 

135 

12.2 

<5(5 



160 

112 

103 

12/15/43 

Q. C. 

99.0 

88 

20 

7 

37 

148 

13.2 

71 

153 

163 

161 

153 

141 

12/17/43 

G.C. 

99.0 

98 

20 

s 

24 

173 

15.6 

70 

173 

183 

174 

151 

133 

12/16/43 

G. C. 

9S.6 

90 

18 

0 

37 

171 

15.5 

76 

160 

107 

174 

169 

138 

12/20/43 

G.C. 

98.0 

80 

18 

10 

23 

150 

13.6 

71 

168 

160 

153 

131 

116 

12/20/43 

G.C. 

98.2 

80 

18 

11 

25 

140 

12.7 

OS 

170 

179 

169 

142 

120 

12/15/43 

G.C. 

99.2 

84 

20 

12 

22 ■ 

165 

15.0 

70 

182 

157 

150 

121 

87 

12/18/43 

G.C. 

98.6 

86 

18 

IS 

21 

168 

15.0 

SO 

182 


178 

138 

107 

12/16/43 

G.C. 

98.6 

74 

18 

U 

19 

154 

140 

SS 

187 

190 

170 

144 

129 

2/ 7/44 

Arthritis 




15 

26 

160 

14.5 

87 

206 

23? 

235 

125 

107 

S/27/43 

Normal 




1() 

28 

180 

16.8 

87 

ogo 2 

229 

195.2 

190.4 

173.0 

8/12/43 

Normal 




ir 

47 

150 

13.6 

9.") 

202 

208 

216 

164 

154 

8/19/43 Normal 




18 

26 

160 

14.5 

60 

160.0 

163.0 

153.8 

153.8 

118 

S/12/43 Normal 




10 

21 

160 

14.4 

87 

120.0 

160.0 

190.4 

133.3 

135.0 

8/11/43 Normal 




20 

27 

165 

15.0 

05 

153.8 

loo.O 

166.7 

142.8 

133 

3/10/43 Normal 




21 

20 

160 

14.0 

lOS 142.8 

144 

144.4 

153.8 

133 

8/13/43 Normal 




22 

26 

140 

g 

01 

181.8 

167 

160.0 

153.0 

133 

8/10/43 Normal 




23 

23 

120 

li.o 

OS 

154 

143 

137 

148 

133 

8/ 7/43 .Arthritis 




24 

22 

152 

13.5 

94 

175 

192 

156 

133 

128 

8/ 7/43 Rheumatic fever 




•Acute gonorrhea. 


The results of the tests on the normal control sxihjects and the preliniinaiy 
findings in the experimental subjects arc given in Table I, 

The mean for fasting blood sugar level was 80.4 + 2.4 mg. per 100 c.c. with 
a standard deviation of 11.7 ± 1.7. The mean level at the highest points of the 
curves, which usually occurred at the fourth minute, was 174.6 ± 5.0 mg. per 
100 e.c., with a standard deviation of 24.6 + 3.6. The mean value at the end of 
15 minutes was 123..5 ± 4.1 mg., xvitli a standard deviation of 19.9 ± 2.9, 

The patients who received the intravenous injections of typhoid vaccine 
were chosen because the gonorrheal infections had proved resistant to sulfa- 
thiazole therapy. The vaccine was the regular triple typhoid used by the Army 
for* inoculation and contained 1,000 nrillion typhoid bacteria and 250 million 
each of paratyphoid A and B, The amount nsed for a single injection varied 
from 25 million to 7,000 million and the number of injections varied from 
fifteen to twenty for each individual. In each case the amount of vaccine was 
started at a low level and the concentration gi-adually increased as it was found 
that the lower dosages became ineffective. Tire temperature was raised to 
from 104 to 106° F. and maintained for several hours. The second glucose 
tolerance test was taken after the fever had reached the desired temperature. 
The effect of the typhoid vaccine is shown in Table II. There was a significant 
increase in temperature from 98.4 to 105.1° F., in pulse rate from 80.0 to 120.2 
per minute, and in respiratory rate from 18.6 to 29.5 per minute. 

There was no significant difference between the mean values for initial 
blood sugar level of 71.7 mg. per 100 c.c. when the temperature was normal and 
that of 78.9 rag. per 100 e.c. when the temperature was elevated. The mean 
values for the three-minute inter\*al when the blood sugar reached its highest 
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'il'i-iii!? the fever. Tiio 

e between t}iese values \ias not siijnificant 
the cmtv'i iiileiA.il llic mean Wood .sii!,mr level was lO.'i.J mg, for 

Pyte.via i’l fd-ff' ^ 

tcii suhi-AefJ ,1 tliese readings iias 22 2 ni.g. Jn eight of the 

llieconhvil ’ * ‘'ui'iiis tlic fever was higher than that taken in 

the re • °“® iii.staiioe the levels were essentially the same and in 

this no'iti'ol leiol "iis significantly higher. In view of 

sistent nia.v be considered sigiiificanl. The findings are con- 

Ptoducerby diatf Horkoeic’ in which the hyperpyre.via was 

origin^ therefore, tliat as a result of fever, no matter what its 

reel d ' down in the removal of sugar from the blood. In this 

youJ ’ r'lV^ fwiibided of the acidosis which frequently occurs hi infants and 
luav h sliglit fevers and it suggests tlie possibility that this 

nal.i greater susceptibility of the sugar metabolism in these individ- 

uals disarrangement by fever. 

tered'^^^ aiiormous quantities of triple tiplioid vaccine which may be adniinis- 
, . “'^ravenously is strikingly demonstrated in this series. In half of the 
the^t°*^" rioses of from 2 to 7 c.e. of undiluted vaccine were administered. That 
.. I'l'dtment is not without danger was seen by the fact that two of the 
as Table II) developed shock which in one (Case 10) was so severe 

til ° oonsiderable anxiety to the investigators. The shock occurred in 
despite the fact that they had on several previous occasions re- 
I'a" I vaccine as great as they were being given at the time. As q 

ijj development and because there appeared to be no way of pre- 

lag wlien such a collapse might occur, the investigation was discontinued. 


SUM3I.VBV 

®doose tolerance curves were obtained after the intravenous administration 
.2 Gm. of 50 per cent glucose per kilogram of body weight in twenty-four 
sntially normal soldiers. The blood sugar level rose from a mean of 80.4 
per 100 c.c. to a ma.ximum of 174.6 mg. about the fourth minute and then 
'topped to 123.5 mg. at the fifteenth minute. 

The glucose tolerance curve was elevated after the intravenous adminis- 
1011 of triple typhoid vaccine for the treatment of snlfathiazole-re.sistant 
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gonorrhea. The mean level at the end of fifteen minutes was 22.2 mg. higher 
than the initial level of 105.4 mg. 

The effect is probably due to the induced fever and not to any specific 
effect of the vaccine. 
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THE DIAGNOSIS OP ENTEROBIASIS 

COMPAKATR'E StUDY OP THE GrAHAM AND HaLL TECHNIQUES IN THE 

Diagnosis of Enterobiasis 

Luis Mazzotti and Maru Teresa Osorio 
jVIexico, D. P. 

W E HAVE previously^ carried out a compai-ative study of the techniques 
of Hall- (N.I.H. swab) and of Graham® (Scotch cellulose tape loop) for 
the diagnosis of enteriobiasis. We used both methods, on five successive days, 
in the examination of seventeen children heavily infected with Enteroiius 
vennicularis. Positive results were obtained in 96.5 per cent with Graham’s 
method and in 91.7 per cent mth Hall’s. In view of the fact that the children 
in the group tested were heavily parasitized, the comparison was repeated in 240 
school children w'ho had not been previously examined. In this second series, 
45 per cent positive findings were obtained with Graham ’s method and 30 per 
cent with Hall’s. Based on these results, we reached the conclusion that the 
Graham method is the technique to be recommended in the younger age 
groups, since in adults we considered the Hall technique to be easier to use. 

We have subsequently continued to use the Graham method both in chil- 
dren and in adults and have confirmed its superiority by the studies mentioned. 
It was therefore considered advisable to present the results of these additional 
studies in 430 individuals, mostly adults, all of whom were examined by both 
of the techniques under inve.stigation, 

MATEKI.U,S AND AIETHODS 

The Graham method was used with the slight modification suggested by 
us, which consists of using a strip of cellulose adhesive tape 5 cm. in length, 
without folding the ends, grasping the loop lengthwise with a dissecting 
forceps. This modification reduces the amount of time required to prepare 
the loop and the amount of material necessary. The Hall method w'as carried 
out exactly as described by HaU. 

The examinations were made ou the patients of a Surgical Hospital in 
Mexico City. Each indmdual was first examined by the Hall technique and 
then additional material was collected by means of the Ciraham method. 


From the Institute of Health and Tropical Diseases. 
Received for publication. Sept 15, 1345, 










104S ' kAmskv, "axu jioouk 

RESULTS 

As can be seen from Table I, the Graham method proved to be much more 
efficient than the Hall technique. The total percentage of positive findings 
was 32 per cent with the Graham method and 16 per cent with the Hall method. 
In all age groups, without regard to sex, the percentage of positive results 
olitained with the Graham method was significantly higher. 

DISCUSSION 

The findings presented confirm the superiority of the Graham method, even 
in adults with perianal hairs, which includes almost all the adult males. The 
considerable percentage of positive findings obtained justifies the use of this 
proeediu’e also in adults, since the minimal discomfort which may be occa- 
sioned by its use is well tolerated by all patients. 

As indicated previously, in each ease, material for the Hall method was 
collected first so that actually it enjoyed a small advantage over the Graham 
method. 

SU.MMAKV 

Examinations for the diagnosis of enterobiasis were carried out in 430 
individuals using both the Hall and Graham techniques. The percentage of 
positive results obtained was 82 per cent with the Graham method and 16 per 
cent with the technique of Hall. 
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THE URINARY EXCRETION OP ANTIPERNICIOUS ANEMIA FACTOR 

Robert D. Ijanoe, M.D., Robert H. Ramsey, M.D., and Carl V. Moore, M.D. 

St. Louis, Mo. 

A NUJIBER of investigators have suggested that the autipernieious anemia 
faetor (A.P.A.) may be excreted in the ui'ine of human subjects;^’ the 
evidence offered in siqiport of this possibility, however, has not been conclusive. 
Since the A.P.A. factor’^ may be a relatively small molecule,^ one would not be 
surprised to find that it passed readily through the glomerular filter, so that 
after the injection of a large amount of liver extract, a portion of the active 
principle might be found in the urine. However, the administration of 300 
U.S.P. units of liver extract in one intramuscular injection to a patient with 
pernicious anemia in relapse has been observed to induce a remission whieli 
lasted for nine months,^ and Seymour, Heinle, and Miller® found that when 

From tlie Department of Internal Medicine, W'asiiington University Schooi of Medicine, 
and the Barnes Hospital. 

Aided in part by the Nathan Greenberg Research Fund. 

Received for publication. Oct. 3, 1945. 

•That the liver principle may be multiple in nature, as claimed by Jacobson and Sub- 
l)arow,’ is realized. For the .sake of convenience, however, it will be referred to as A.P.A. 
factor rather th.an factors. 
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oteenations suggest, tlmt tl,e urinan- loss nf ri ^ These 

'■ot have bee,i great, but they must bl hifern “uld 

that the defieiLey of Gold 

le a no rather than absolute. The amount ®“iotion is 

>e-nnred daily bv i,aticn(s win, ‘ ^ supplementary A.PA fanto,. 

S" ■■ ““ --«>■ 

III pievious studies it has been sliowir-’ tl t i 
inne of normal individuals and of patients «'h “ in the 

capable of stimulating the production of ret ‘ ‘"“=”'ia "-hich is 

gui^a pigs. However, since tids Wvto f “ ‘>"<3 

be Identical with, or related to, the A PA foctm to 

:;:::-ha™not provided conclnsivcew 

'Viio talZTpaS wirilLts'al'""' '-T" 

estraets. Dccastello= reported in 1935 tl, at "!*"*• 1'^ 3or assaj-ing urine 
from patients with pernicious anemia wbei, ■ and 

"■as effective in the treatment of no ’• • reetally or intramuseularlj’, 

aot uniform, and Jei“r m f ''’oro. 

after reporting that a patient" with *0 to confirm them. IVakerlin-,’* 

ralar injection of a urinf Ixfac Pomic.ous anemia did respond to iiitramus- 
‘oy“ was not able to obtain VP v*** '® dnpimate his results.” Thorn- 

wine with a metlmd of a tiMio ,‘’f‘*'';'-'7*-»’n 1,750 e.e. of iioiaiial human 
“nemia fractious from 11™^ ^ ' " "n ^io’-fod potent anti- 

™omia in relapse In i ro ’^-r-'’. T nT 

liters of Urine^ obtained eit! , ‘bat e.'ctracts made from 20 to 40 

Prrnieious ™emtt '1, • r r.™”' or from patients with 

"■ith peniicions an “ . ^^^n induced hematologic responses in several patients 
^treated Ss™:? “ ”17“- "”1'“ e.vtracts prepared from the urine of 
‘"•0 method orextaeir arTl‘'‘"™'“ '“'^^Pwitie value. He used 

"> “0 per cent alLhnI ^ T ’T"” ““'“‘rated directly, taken up 
*l«i; (2) the nrt ’ ‘““"'“‘rated, precipitated in ab.solute alcohol, and 

'“t alcohol concer ?? Norite by 60 per 

> oncentrated, precipitated in absolute alcohol, and dried. 

WeumuIatTd Zfum n*’" “’’f ‘7''':’' '^“■'“Sost evidence so far 

“eraia is excreted Prineiplo iu liver effective in the treatment of perniciou.s' 

(1) Exfreei’ "re reviewed in more detail as follows • 

musouiarlv inT‘’“ “'’‘riduals were injected inlra- 

Pmmieious “emr° • '‘'“7 u ““ '"th ■ 

resDeetiv I " relapse. Reticulocyte responses of 14.S, 11.6, and 12 5 
million ^ "7“ ®‘'“'’io‘o‘i> ““<3 “ rise in the red cell count of 0.77 and o'e^ 

Wt reoor7d“'f “'"rred in two patients; erythrocyte values were 

‘ieiits tut, ^ - Extracts made from the urine of pa- 

enuivni.„r,^7“''“™ anemia in remission and given intramuscularly in doses- 
relausc J ‘“/‘'om 10 to 22.6 liters to three patients with pernicious anemia in 
ill tL '^7*^ reticulocyte responses of 12.2, 29.6, and 15.2 per cent and rises 
m erythrocyte level of 0.S2, 1.34, and 1.44 millions per eubie millimeter. 
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(3) Extracts made from the urine of patients with pernicious anemia in relapse 
failed to induce a reticulocyte response. It is emphasized that Wilkinson used 
large amounts of urine for his extracts and made no attempt to determine 
whether the A.P.A. factor from injected liver extracts was excreted in significant 
amounts. 

In the study which forms the basis for this report, it was determined that 
urine excreted by subjects during the twenty-four hours following a relatively 
large injection of liver extract contained no detectable A.P.A. activity. Control 
observations demonstrated that the method used for extracting urine was sat- 
isfactory; A.P.A. factor which had been added to urine directly could be re- 
covered. 

METHODS 

The simplest possible method of extraction was used in order that loss' of 
activity in the extraction process might be minimized. Urine was evaporated to 
near dryness under reduced pressure at 46° C. Then 95 c.c. of 70 per cent ethyl 
alcohol were added and the mixtui’e filtered; the filtrate was evaporated nearly 
to dryness under reduced pressure at a temperature not greater than 50° C. 
The residue was taken up in steiale water to give a final volume of from 27 to 40 
c.c., and phenol was added as preservative to give a final concentration of 0.5 per 
cent.* The solid content of each preparation was determined. Each extract 
was cultured aerobically and anaerobically and used only after it had been 
found to be sterile. Subcutaneous injection of 1 c.c. into a dog produced only, 
slight induration after twenty-four hours. All of the extracts caused pain at 
the site of intramuscular injection. In order to lessen the discomfort, the daily 
dose was diluted with water (from 2 to 8 c.c.). One ciibic centimeter of 1 per 
cent novocain was added to the syringes for administration of Extracts 2 and 4. 

Pour extracts were prepared : 

Extract 1 . — Ten cuWo centimeters of a commercial liver extract! containing 100 U.S.P. 
units of A.P.A. factor were added to 1 liter of normal human urine before it was evaporated. 
Solid content of the extract equalled 36.5 per cent and final volume was 37 c.c. 

Extract 2 . — Ten cubic centimeters of a commercial liver extractt containing 100 TJ.S.P. 
units of A.P.A. factor were added to 1 liter of normal human urine before it -was evaporated. 
Solid content of the extract equalled 55.0 per cent and final volume was 30 c.c. 

Extract S . — A healthy adult male (B. H. B.) was injected intramuscularly on each of 
three successive days with 10 c.c. of a liver extracti containing 100 U.S.P. units of A.P.A. 
factor. Urine was collected for a twenty-four hour period beginning with the last injection. 
This urine (1,175 c.c.) was extracted. Solid content was 50 per cent and final volume was 
40 c.c. 

Extract 4. — A patient with pernicious anemia in relapse (E. G.), who had been given 
a daily injection of 1 U.S.P. unit of A.P.A. factor for fifteen days, was on each of five 
subsequent days given intramuscularly 5 e.c. of Beticulogent containing approximately 100 
U.SJP. units per 5 c.c. On the fifth day, a twenty-four hour clean-voided urine specimen (1,700 
c.c.) was collected and extracted. Solid content equalled 51.8 per cent and fi^I volume was 
30 c.c. 

Ked blood cell counts, hemoglobin levels, and reticulocyte percentages were 
determined daily on the capillary hlood of the test subjects. Trenner pipettes 
and counting chambers were standardized by the United States Bureau of 
Standards. The hemoglobin determinations were made by the oxyhemoglobin 
method of Evelyn.^’ Both wet and dry films were stained with brilliant eresyl 
blue for counting reticulocytes. 

•Initial attempts to recover the A.P.A. factor from urine by absorbing It on Daroo g60 
and eluting the Darco with ammoniacal alcohol were unsuccessful. 

fEll Lilly and Company, Indianapolis. Ind. 

fWilson Laboratories, Division of Wlison & Co., Inc., Chicago, 111. 
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RESULTS 

1 . Proof That Added A.P.A. Factor Can Be Recovered From Vnne.—Ttha 

dhL r m r-'^f-aet had been added 

(hroctly. They were assayed to prove that the extraction method peimitted the 
recovery of A.P.A. faetoi-. Daily intraimisciilar injeefions of 0.5 c.e. of Extract 



1. ilejiialoIoffJc response mducctl In a patient wRh pernJetous anemia by an extract made 
from urJne to which liver extract bad been added. 


<J>luted with 4.5 o.c. of sterile water were given for eight and nine days, re- 
spectively, to two test subjects (Table I, B. M. and K. N.). In the first of these 
in. hi.), a submaximal retieuloeytc response of 17.2 per cent developed on the 
eleventh day. The occurrence of cystitis with acoompanyiijg fever (as high 
fs 39.4« 0.) during the assay period may well have prevented the reticulooytosis 
m this patient from reaching the level of 24 per cent, which would have been 
^ected'® had the therapeutic effect been maximal. The second subject showed 
“0 maximum e.xpeeted reticulocyte rise and an increase in the erythrocyte level 
m a million cells. In all probability, therefore, each 0.5 e.c. of this extract con- 
'ained at least I U.S.P. unit of the A.P.A. factor. Siuee the total volume of the 
tract was 27 c.e., at least 54 U.S.P. units of the original 100 units added to 
^ 8 urine were recovered. 

^ Extract 2 was given intramuscularly in daily doses of 1.0 c.e. (diluted with 
“ c.e. of sterile water and 1 o.e. of 1 per cent novocain) for seventeen days to 
» third test patient (Table I and Pig. 1, B, JIcD.). A reticuloeytosis of 11.4 
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per cent occurred on tl.c eleventh duy and the erythrocytes increased from 2.3 

es indicatins that aUeasVf U.S“of 

eeoteied. No attempt was made to refine the assay further in an attempt to 
make a quaiititalive estimate of the recoverj’. 

. of Oelcctahh A.I>.A. Ai tiuUy in Extract. Prepared From Urine 

of Ubjeets W ho Mad Itcccived Liver Extract ParmtcraUy.—Extvaeis 3 and 4 
were prepared from urine e.xereted by two subjects duig the twenulu^ 
horns immedtately following the last of three and five daily injections ;f 100 
U.S.F units of liver e.vtoct. One of these subject, was a healthy man. The 
s coiid was a patient with pernicious anemia. Selection of this latter patient 
was made in order to eliminate the jmssilhlity that persons with this disease 



behave differently from normal individuals in their ability to excrete 
factor. Neither extract stimulated a reticulocyte response. Two cubic 
^centimeters of Extract 3, diluted with 8 c.c. of sterile water, were injected intra- 
^liseularly each day for nine days into a patient with untreated pernicious 
anemia (Tal)le X, E. G.). No significant change oeeurred in either the reticulo- 
cyte or red blood cell levels. From the tenth to the twenty-fifth day, 1 U.S.I\ 
of a commercial liver extract* was administered intramuscularly each day; 
me retioulocj-tes rose to 25 per cent. The total volume of Extract 3 was 40 c.c. 
"2eh daily dose, therefore, corresponded to 5 per cent of the total volume. If 
^ few as 20 U.S.F. units had been excreted, and the recoveiy had been only 50 
per cent, some reticulocyte rise should have occurred. In the absence of any 
effect, it seems reasonable to conclude that less than this amount was excreted 
kidneys. 

'Wilson Laboratories. Division of Wilson & Co., Inc., Chicago, 111. 
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Extract 4 in daily doses of 1 c.c. failed to produce a hematologic response 
in one test subject (Table I and Pig. 2, P. W.). This test patient, however, did 
respond characteristically when she received 2 U.S.P. units of liver extract per 
day. The subject from whom urine Avas collected for preparation of this ex- 
tract was a man with pernicious anemia who had served as a test patient for 
assay of Extract 3. After the diagnosis and his ability to respond normally 
to administration of liver extract had been established, he was given 100 U.S.P. 
units of liver extract on each of five days. Urine was- collected during the 
twenty-four hour period Avhich immediately followed the last injection. 

These observations served to establish two things: (1) With the methods 
used, no detectable A.P.A. activity could be extracted from urine excreted within 
twenty-four hours after a relatively large dose of liver extract; (2) the data rule 
out the possibility that the reticulocyte responses obtained with Extracts 1 and 
2 Avere nonspecific. 

DISCUSSION 

If the A.P.A. factor is a relatively small molecule, it is rather surprising 
that after large doses were given parenterally detectable amounts failed to ap- 
peal' in the urine. The result, hoAvever, is compatible Avith the clinical experience 
summarized in the introductory paragraph Avhich indicates that a great propor- 
tion of the active principle is stored even when it is given in large amounts. 
Nevertheless, from Wilkinson’s observations^ that small amounts of A.P.A. sub- 
stance can be recovered from lai'ge voliunes of urine, one would logically expect 
that after parenteral administration of liver extract there might temporarily be 
an increased urinary output of A.P.A. factor. 

In the clinical management of patients with pernicious anemia, hoAvever, 
there are many reasons for being cautious about recommending that the interval 
betAveen injections be lengthened to more than six or eight weeks; for instance, 
the desirability of observing the patients at regular intervals, the fear that the 
antianemia factor may not be identical Avith the substance required for the con- 
trol and prevention of combined system disease, the possibility that some inter- 
current disease might increase the requirement for A.P.A. factor so as to disrupt 
calculations as to requirement, and the probability that sensitization to liver ex- 
tract occurs more frequently as intervals betiveen injections are prolonged. The 
results of the present study Avould suggest that large amounts of liver extract in- 
jected at Avidely spaced intervals might be stored efficiently. 

SUMMARY 

1. A method has been described by which at least 50 per cent of the A.P.A. 
factor can be extracted from urine containing a knoAvn amount of this sub- 
stance. 

2. No A.P.A. activity could be detected in the urine excreted by two sub- 
jects during the twenty-four hours immediately foUoAving the last of from three 
to five daily injections of 100 U.S.P. units of liver extract. 
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THE ACTIVITY OP SYNTHETIC LACTOBACILLUS OASEI PAOTOE 
(‘- POLIO ACID") AS AN ANTIPBRNICIOUS ANEJIIA SUBSTANCE 

I. Obseevau'ioxs on Fouh PATiENTrj: Two AViTU Audisonian Peknicious 
Anemia, One ^YrrH NontropiCjVl Sprue and Ont: With Pernicious 
Anemia of Pregnancy 

Cahi. V. Moore, :M.D., Olga S. Biebbaum, B.S., ARNOi>n D. Welch, Ph.D., jNf.D., 
AND Lemuel 1). Wright, Ph.D. 

A DMINISTRATION of the synthetic Laciobucillus casei factor of Augier 
and co-ivorkeiN’ stimulates a reticulocyte response and an increase in 
the red blood cell count in patients ivith macrocytic anemia in relapse."'*’ '*■ “ 
Spies and associates"'* observed these hematologic effects in nine patients, four 
of whom were given the L. casei factor by mopth and five by parenteral routes. 
The oral dose was either 100 or 150 mg. daily; one imtient iva.s given a 
single intravenous iujectiou of 20 mg., another w'as given 50 mg., while three 
patients were given daily injections of 20 mg. eacli. These patients are de- 
scribed only as having “macrocytic anemia in relapse." Data ivere not re- 
ported which would make it possible to determine whether they had nutritional 
macrocytic anemia or Addisonian pernicious anemia. In patients seen at the 
Nutrition Clinic of the Hillman Hospital, it frciiuently is difficult to differentiate, 
without long periods of study, between these two types of macrocytic anemia.’’ 
Darby and Jones’*’ obtained satisfactory remissions in two patients with sprue 
wlio were given 15 mg. of the same material intramuscularly per day. More re- 
cently Spies and co-%vorkers have noted similar effects in several patients with 
tropical sprue.” The findiugs described in the present communication confirm 
and extend these observations. Satisfactory hematologic and clinical remissions 
have been induced by the administration of synthetic L. easel factor to two 
patients with Addisonian pernicious anemia, to one patient with nontropical 
sprue, and to one patient with pernicious anemia of pregnancy. Data are pre- 
sented which indicate that the compound has antipernioions anemia rather than 
extrinsic factor activity. 

Before these results are presented, however, use of the terra “Lactobacillus 
casei faetoi-” instead of “folic acid” should be explained. “Polie acid” is the 
name given by Mitchell, Snell, and Williams^ to a substance, obtained in nearly 
pure form from spinach, which supports growth of two organisms commonly 
used in microbioiogic investigation: L. casei and Streptococcus lactis R (now' 
termed S. faecalis). Its potency for S. lactis R was used as a guide in purifica- 
tion procedures, and “folic acid” is defined specifically as a growth factor for 
that organism.’ A number of other substances with similar physiologic proper- 
ties have more recently been isolated from liver, yeast, or other sources; at 
least three of these substances have been obtained in crystalline form. Some of 
these compounds either will not support the growth of S. lactis R, or affect its 
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{jiowtli IciJS irtiU’kcdly tliaa t!ia( oi' L. tasti, and it is, strietiy speaking, iucoiTecL 
to designate tlieni a-s “i'olie aeids.’’ **h. casei factor (s) *' is a more appropriate, 
but less cuphoiiions, generic term.** 

Jlore specifically, the synthetic material supplied to us is referred to as 
L. casci factor because it is I'cported to he identical with a ciystailine prepara- 
tion isolated from liver by Stokslad.'* This substance, which was termed “liver 
'/a casci factor/’ was e<jually potent as a growth factor for the two bacteria men- 
tioned and apimarcd to Ik- tlic snme as crystalliue vitamin extracted from 
liver by Pfifi'ncr and eo-woi-kers '■ t>n the basis of data from absorption spectra, 
lliitchuigs and Ins associates concbidcd that it could imt l)e identical with “folic 
acid” prepared from spinach •' The fcrminologv is confusing and the relation 
of these several factors to each othor is not entirely clear. For a more complete 
statement of the problem, reference should Ik* made to the recent review by 
Daft and Sebrcll.'’ Tlic clicmica! structure of tlie “liver L. casei factor" has 
not been announced, altliotigli its synthests has been reported by Angier and 
associates.* 

It is not surprising tliat ttiV svntiictie L. <«•«< i factor has been found to have 
antiancmic properties in man; experiments have abmulantly demonstrated that 
identical or closely related nutriJites infiuenec tlic metabolism of bone marrow' 
iu experimental animals. Ftu* instance, crystalline vitamin B,, prevents® the 
Hogan-Parrott type’® of nutritional anemia in chicks Complete remissions in 
three monkeys with nutritional cytopenia (formerly termed vitamin M deficiency 
and characterized by aiiomia. leueopenia. and thromliooytopenia) treated with 
highly purified prei>aralion of L tasri factor* are described in a recent report." 
liats fed a highly purified diet coiilaining all flic ulhcr known components of 
the vitamin B complex and one of the sulfonamide di-ugs develop hypocellularity 
of the bone marrow, leueopenia, granulocytopenia, and an anemia."* All of 
these manifestations are corrected by liver extracts K’nown to contain L. cdsci 
factor, by ery-stallino vitamin Bo. «»d by a crystalline L. casci factor.*"'' 
Although consideration was given by Wright and AVclelP*“ to a po.ssible rola- 
tionship of “folic acid” to pernicious anemia, earlier attempts to discover 
therapeutic effectiveness of “folic acid” or of L. ensei factor for anemias or 
leucopeuias in man yielded indifferent results. The present authors assayed 
several concenti'ates of “folic acid ” in 1943 for extrinsic factor (Castle) 
activity. These concentrates were pre[iared either from grass juice** or from 
spinach. Patients on whom the assays were done had classical hematologic and 
clinical manifestations of pernicious anemia, and were fed a meat-free diet. 
^0 the first subject, 500 mg, of a crude concentrate*** from grass juice were 
given each day for fifteen days together with 125 c.c of normal human gastric 
juice, Keticulocytes began to inci’ease on the fifth day of this period and 
Reached a maximum of 25.6 per cent on the fourteenth day; meanwhile the red 
i^Iood cell count rose from 1.3 to 1.7 million cells per cubic millimeter. ^ That 
Ihe response had been subinaxinial was indicated by the fact that an additional 
‘iuiaU- reticulocyte rise occurred when I oral U.S.P. unit of liver extract was 
^ven daily beginning with the sixteenth day. Thi.s i-esult seeemd to indicate 
Ibut such concentrates might contain some extrinsic factor activity. Although 
several other patients were given concentrates ivithout comparable responses, 
some of these patients were found subsequentlj* to respond veiy poorly to oral 
liver extracts. Among the preparations studied was a more highly purified 
sample of “folic acid " prepared from spinach and kindly presented to us by 
Dr. P. J. AVniiams of the University of Texas. Fifteen milligrams of this 
uiaterial given daily for eleven days, together with 125 c.c, of normal human 
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gastric juice, supplied an amount of "folic acid” equivalent to that contained 
in the cruder concentrate given pi’eviously. In this dosage, the preparation 
failed to produce a significant rise in reticulocytes or erythrocytes (the red cell 
count initially was about 1.4 million- per cubic millimeter). When the' patient 
was given 1 U.S.P. oral unit of liver extract daily, the reticulocytes, by the 
fifteenth day, had I’isen to 18.5 per cent and tie erythrocyte count was 2.37 
million per cubic millimeter. 

This patient had previously been given for ten nays, without any significant 
response, daily intramuscular doses of 5 c.e. of a crude preparation of L, casei 
factor, containing in each dose from 0.06 to 0.12 mg. of microbiologically active 
material. 

Negative results were obtained by Castle and his associates^® when vitamin- 
free casein and ail the crystalline members of the vitamin B complex including 
"folic acid and folic acid concentrate” in amounts of 2.3 to 3.6 mg. daily were 
added to normal gastric juice and fed dailj' to patients ^vith pernicious anemia in 
relapse. 

Sharp, Yonder Heide, and Wolter^^ gave daily doses of a yeast concentrate 
said to contain 0.6 to 1.5 mg. of vitamin Be to ten patients ivith anemias that 
had proved refractory to liver and iron. They obtained "an appreciable increase 
in the hematocrit but only slight changes in other erythropoietic phenomena.” 
■Watson and his associates^® gave 5 mg. of L. casei factor^’’ daily by mouth for 
six days to eight patients with refractory anemia, and one patient with leuco- 
penia persisting after sulfonamide therapy; no therapeutic effect was obtained 
in any ease. Elevations of the leucocyte count, however, were produced by 
similar doses administered to 7 patients who had developed leucopenia follow- 
ing roentgen-ray therapy; the elevations in the white counts did not persist 
after the L. casei factor was discontinued. 

METHODS AND JIATEBUL 

The hematologic techniques used in this investigation have been described 
in an earlier publication.® Fat determinations on stool specimens were per- 
formed according to the method described by Hanes.®® 

All patients in the study were hospitalized and all, with the exception of 
the woman with nontropical sprue, were fed a meat-free diet. Observations 
were made during eontrol periods of two to five days or more and complete 
blood counts were made daily. Changes in the peripheral blood and bone 
marrow in each instance were those characteristic of pernicious anemia in re- 
lapse. Results of gastric analyses and fluoroscopic studies of the gastrointestinal 
tract are recorded in case summaries at the end of this paper. Two healthy 
laboratory workei-s served as control subjects; one took 100 mg. of synthetic 
L. casei factor orally each day for 10 days, the other was given daily intravenou.s 
injections of 20 mg. for a similar period. 

When the synthetic compound was given orally, it either was placed in 
capsules or was suspended in water. For parenteral administration, 100 mg. 
of synthetic L. casei factor and 100 mg. of sodium bicarbonate were added to 
20 c.c. of freshly distilled water, placed in a serum vial, and autoclaved for 
15 minutes at 15 pounds of pressure. The solutioir was then clear. New solu- 
tions were prepared at least once every three days. Sterilization through a 
Seitz filter was abandoned because of uncertainty concerning the amount of ab- 
sorption of the vitamin by the filter. All weighings were accurately made on 
an analytical balance. Injections were eiven vapidly and no reactions were 
observed. 
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HESOLTS 

1. Oral Adminislraiion of Synthetic L. casci Factor (“Folic Acid” ) to Two 
Patients With Addisonian Pernicious Anemia and to One Normal Control Sub- 
ject.— The synthetic L. casci factor was given orally to two patients with true 
pernicious anemia because it was felt that a therapeutie effect would not be 
induced if the material behaved as Castle’s extrinsic factor, unless normal hu- 
man gastrie juice were administered at the same time. On the other if 
the material stimulated a remission without added gastric juice, the result would 
constitute presumptive evidence that the compound possessed antipemieious 
anemia factor activity. The first patient treated (M.6.) was given 100 mg. of 
the synthetic preparation orally each day for ten days. Her initial red blood 
cell level was approximately 1.2 million cells per cubic millimeter. On the 
third day of therapy she experienced the sense of well-being and the increased 
appetite which usually occurs with liver therapy at this time. On the following 
day her reticulocytes began to rise and a peak value of 40 per cent was reached 
on the seventh day (Fig. 1). Her red blood cells began to increase in number 
on about the seventli day and the eoiint rose rapidly until a level slightly over 
3,0 million cells was attained. At this point the rise stopped (therapy was 
discontinued after the tenth day) and a plateau has existed for nearly two 
weeks. Further therapy was intentionally withheld in order that we might 
determine how high the erythrocyte level would go following fen days of dosage 
(1 gram). 



Ms. I.— HeniatoIOBlo response ot a patient with Addisonian pernicious anemia to Uie oral daily 
ndnilnistratlon or 100 me. t. cosci factor. 


To the second patient (E.K.), a daily oral dose of 30 mg. was given for 
fourteen days. This woman was 78 yeare of age and had a red blood cell count 
of only 0.7 to 0.95 million cells per cubic millimeter at the time of her admission 
the St. Louis City Hospital. Because of her critical condition, a transfusion 
»f 500 e.o. of eitrated whole blood was given. This increased her erj-throcyte 
“unt to l'.4-1.5 milUon cells per cubic millimeter. The reticulocytes began 
to increase on the fourth day of therapy; a maximum of 44.5 per cent occurred 
on the eighth day (Fig. 2). The rise in the red cell count began on the sixth 
day and was as rapid as is usual with liver therapy. This response is par- 
ticularly noteworthy because the patient developed bronchopneumonia and a 
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decubitus ulcer on tbe sixth' day, she was given yeuieillhi and was digitalized 
with Dipxin injected iutravenously. Slie was critically ill for three days but 
is now greatly improved. The irregularity of the erythrocyte curve from the 
sixth to the tentli days .is probably attributable in part at least to the degree of 
dehydration present duruig tliat period. On the fourteenth day, her red blood 
cell count was 2.5 milliou per cubic millimeter. Attention is also directed to 
the fact that the original leueopeiiia and thrombocytopenia were corrected by 
the L. case.i factor. During the period of pneumonia, there occurred a leuco- 
cytosis of 22,800 cells x)er cubic millimeter. 



The normal control subject, who ingested 100 mg. of the synthetic L. casei 
factor daily for ten days, showed no change in reticulocytes, red cells, hemo- 
globin, leucocytes, or platelets during three weeks of observation. She noted 
iro. symptoms and no subjective changes. 

2. Intravenous Administratmi of Synthetic L. Casei Factor (‘'Folic Acid’') 
to One Patient With Nonirojncal Sprue, to One Patient With Pernicious A^iemia 
of Preynmicy, and to One Normal Control SiAject . — Twenty milligrams of 
sjmthetic L. casei factor were injected brtravenously each day for ten daj's to 
J.S., a woman 54 years of age who had all the classical man^estations of non- 
tropical sprue. The oral glucose tolerance curve was flat while the intravenous 
tolerance test was normal, stool fat varied from 50 to 75 per cent of dry weight, 
the serum calcium was low while alkaline phosphatase was high, and weight loss 
had been extreme. Ifollowing the initial ten-day period, 40 mg. were injected 
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every other day for an additional two weelts. The number of reticulocytes be- 
gan to increase on the tliird day of therapy and a value of 30.2 per cent was 
attained on the seventh day, in spite of the fact that her initial red blood cell 
count was 2.6 million cells (Pig. 3). The authors have never seen a reticulb- 
cytosis of this degree foilowing the parenteral administration of liver e.vtraet to 
patients with pemicions anemia who had comparable red blood eel! counts. 
Subjective clinical improvement occurred, but this change was not dramatic; 
Ihe amount of fat in the stool did not decrease until after the fat in her diet 
liad been decreased from alront 200 to 70 grams per day. The erythrocyte count 
rose to appro.vimalely 3.r> million cells, at which level the mean eorpuscular vol- 
ume had liceonie normal (SS cubic microns) and the mean corpuscular hemo- 
globin concentration liad dcvi-casod to 28 (icr cent. It is of interest that this 
patient had a hypochromic microeytic anemia four months previous to the pres- 
ent hasiiitalization (.sec case siimm.'iryl. Lcneoe.itcs began their climb to nomia! 
levels on the third day; jilafelefs began lo increase on the sheth day. Values 
for both tlii'Se formed elements are non normal one month after institution of 
therapy. Tlie patient has gained C pounds in wciglit within four weeks; her 
oral glucose lolcrauco lest still .shows poor absorption 



The patient with pernicious anemia of preguaney ( JI. ^ 

33 years of ago who had developed a similar anemia during each of four previous 
Pregnaneies. Liver therapy was given when her third and fourth children were 
>>t>ni hut she was not carefully followed; she remained subjectively we 1 between 
preguancie.s. She ate liver ordinarily about twice a mouth but took no addi- 
tional amounts. At the time of parturition on Oct 24, M-iS, >ii ano hoi >;“1 ’'» ■ 
'he was found to have a red blood cell count of only 1 million s. 1 la . u- 
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sion was refused; liver extract was not given; and she signed out of the^hos- 
pital under protest. Because she was totally unable to do her work and was 
very weak, she asked to be admitted to the St. Louis City Hospital on Nov. 11, 
1945. Her red blood cell count was still only 1.1-1.2 nullion cells per cubic 
millimeter. On Nov. 18, 1945, and for each of the following nine days, she was 
given 20 mg. of synthetic L. casei factor intravenously. Her subjective improve' 
ment was marked on the third day, the niunber of reticulocytes had begun to 
increase by that time and had attained a peak value of 48.2 per cent on the 
seventh day of therapy. The rise in red blood cells has been di’amafic and 
a level of 3.0 million per cubic millimeter was observed on the fifteenth day 
(Pig. 4). She then felt very well and was discharged from the hospital. -This 
woman never had a leueopenia. Her platelets did not begin to rise from their 
initially low level until the ninth day. 


M.W.. WHITE 9. AGE 32 YEARS 



The normal control subject, who was given a daily dose of 20 mg. of the 
material intravenously for ten days, has been followed for three weeks. No 
change occurred in any of the cellular elements of the blood and no symptoms 
or exhilaration were experienced.**** 

DISCUSSION 

The fact that synthetic L. casei factor, administered orally without gastric 
juice and intravenously, induced hematologic and clinical remissions in these 
patients, suggests that the compound has antipernicious anemia rather than 
extrinsic factor activity. Caution must be used in drawing final conclusions 
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about this differentiation, however, for two reasons. Wiatrobe” has shown that 
good therapeutic responses may ho induced in patients with Addisonian perni- 
cious anemia by tlie daily oral feeding of 1 to 2 grams of brewer's yeast per 
kilogram of body weight. If yeast contains only extrinsic factor activity, as has 
been thought, then the small amounts of intrinsic factor present in the gastric 
secretions of patients with peimicions anemia form enough erythrocyte matura- 
tion factor to be therapeutically effective. The daily doses of 30 mg. or of 
100 mg. of synthetic L. casci factor may possibly be comjiarable in extrinsic 
factor activity to the large doses of yca.st used by Wintrobc. Second, no ex- 
trinsic factor preparation has ever been available in pure enough form to per- 
mit its use parcnterally. There is, therefore, no infomatjon available as to 
what effect Castle’s extrinsic factor would have were it to be injected intra- 
venously. 

Even if synthetic L. casei factor has antipcrnicious anemia factor activity, 
as the- available evidence seems to indicate, it has not been established that this 
factor is identical -with the antipcrnicious anemia factor in liver extracts. The 
parenteral doses used were 20 nig. daily; investigator's who have fractionated 
liver extracts in an attempt to isolate the active principle have obtained good 
responses with much smaller quantities of material. Strandell, Poulsson, and 
Sehartum-Hansen,” for instance, produced a good licraatologic effect with 3 
lajectiona of a fraction whicli contained only 0.7 rag. of material per injection. 
Alexander’” was able to obtain a reticuloeytosis of 11 4 per cent in a patient 
with pernicious anemia, wlioes original red blood ceil level was 1.9 million cells 
per cubic millimeter, when 0.035 mg. of a fraction was given per day. Purther- 
more, Wright'and 'Welch'" found tliat a commercial liver extract (Armour; 
15 U.S.P. injectable antipernicious anemia units per cubic centimeter) contained 
only 14 mg.-imits of microbiologicatly active “folic acid" (£. casei assay) per 
eubie centimeter, or about 0.25 to 0.5 micrograms of L. emei factor per unit of 
antipernicious anemia activity. Clark”" has reported that various commercial 
liver extracts contain, per U.S.P. unit, only 0.02 to 3.67 micrograras of L. casei 
factor. A liver extract made by the Wilson Laboratories (2 U.S.P. units per 
cubic centimeter) has only 0.38 mierograms of "folic acid” per rmit."’ In 
tei^ of this latter preparation, the intramuscular administration of 1 U,S.P. 
nnit daily for 10 days would provide only 3.8 micrograms; with the 20 mg. dose 
nf synthetic L. casei factor, we actually gave 200,000 micrograras during a 
similar period. Although the amounts of conjugated or “potential” L. casei 
factor in these liver extracts are not knoivn, it is evident that synthetic L, casei 
factor must be proved effective in much smaller doses before it can be accepted 
ss being identical with the antipernicious anemia factor in liver.**** 

Eat liver has been found to contain only about 10 mierograms or less of 
fwe 1. casei factor per gram."" The daily ingestion of 250 to 300 grams of 
pork or beef liver will usually provide a satisfactoi'y therapeutic effect for 
patients with Addisonian pernicious anemia. Since pork and beef liver contain 
similar amounts of microbiologically active “folic acid,” only 2.5 to 3.0 mg. 
of free "folio acid” would be suppEed by 250 to 300 grams. Under these 
oircumstanecs, one would expect that if the i. casei factor were the antipemieious 
anemia factor present in liver, the patient who received 100 mg. of the sjmthetic 
factor daily for ten days should have had enough active principle to raise her 
tad cell level to 5 million rather than to only 3 raiilion cells. It may be, as 
SubbaRow, Hastings, and Elkin"" suggest, "that the activity of materia! effec- 
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live in the treatment of pernicious anemia rests upon a certain type of com- 
pound or linlcage common to more than one substance, as is believed to be the 
case of some of the vitamins.” 

On the other- hand, the data available on the "folic acid” content of 
various tissues and foods have been obtained through the use of microbiological 
assays and it is now Jmown that man}'^ materials contain relatively large amounts 
of L. cusei factor in a combined form (milk*. Welch and Wright,-'' Wright and 
co-workers-^ yeast : Binkley and associates,-® Mims, Totter, and Day''^). Mal- 
lory, Mims, Totter, and Day*® and Binldey and his co-workers*® have studied 
the enzymatic release of microbiologically active material from the combined or 
conjugated foi-in, and Laskowski and associates*® have partially purified an 
enzyme found in chicken pancreas (and other tissues) which accomplishes this 
release of the free L. casei factor. It is not unlikely that the amount of “poten^ 
tial” L. casci factor ingested in the diet is very much larger than microbiological 
assays have indicated. It is conceivable that in certain pathologic conditions 
there is a failure to utilize or to absorb this “potential” L. casei factor, as a 
result of which anemia of the macrocytic type might develop. Possibly the 
intrinsic factor of Castle is concei-ned with the release in man of the L. casei 
factor from its combined form. 

The significance of and the variations in the synthesis of the L. casei factor 
by the intestinal bacteria, so extensively studied in the rat, mirst now for ob- 
vioirs reasons be thoroughly investigated in man. 

Since the patients reported by Spies and his co-workers* were said only 
to have macrocytic anemia in relapse, and no differentiation was made between 
nutritional macrocytic anemia and Addisonian pernicious anemia, the two pa- 
tients with true pernicious anemia here reported are the only two so far knoum 
to have responded specifically to synthetic L. casei factor. The woman with 
pernicious anemia of pregnancy is also of special interest. Patients with this 
disease usually respond to parenterally administered liver extract, but Watson 
and Castle’® have recently observed tw-o such patients who responded to 
oral but not parenteral therapy. This observation raised the question as to 
wliether the pathogenesis of pernicious anemia of pregnancy is always the 
same as that of Addisonian pernicious anemia. It is of interest, therefore, that 
L. casei factor administered parenterally was capable of inducing a r^mi.ssion 
in at least this one subject. 

Finally it should be pointed out that in none of the cases so far studied 
has the synthetic L. casei factor been given for a sufficiently long period to de- 
termine whether relapses will occur during continued administration of the 
vitamin. There lias not been sufficient time to determine what effect L. casei 
factor has on the neurologic manifestations of pernicious anemia. 

SUmiAKY AND CONCI-U.SION.S 

Clinical and hematologic remissions were induced in two patients with 
Addisonian pernicious anemia by the daily oral administration for ten days 
of 30 mg. and of 100 mg. of sjoithetic L. casei factor (“folic acid”) , respectively. 
One patient with macrocytic anemia of nontropical sprue and one patient with 
pernicious anemia of pregnancy responded in a similar manner when given 
daily 20 mg. of the preparation intravenously. 

Reasons are given for interpreting these results as indicating that L. casei 
factor posso.sses antipernioious anemia factor activity. It is pointed out, how- 



ANTiANEMlC KKFKCl’ OK CASlil i'AUTOU 


1005 


ever, that tiie material must lie proved effeetno parenternlly in much smaller 
doses, and ovei* a much longer perio<l of time, l^'fore it c'aa be accepted as being 
closely similar in netioii to {nr i^lentieal with) the eifootive pvijieiple present 
in liver extracts. 


TASK UKPOirrs 

il. O.f white female, 03 jear^ of age. T!»ia wom?ai v\aa {uhmtteO to the St. Louia City 
Hospital on Oct. 24, 1045 with the eluef eomplamts of |»iogjPS>ive pallor, weakness, atnl 
weight lo'-s during the previous thiee mouths. She ha«l been a ward attendant at the City 
Hospital for many >eai3. During the '■ummei, she uotieed that ttie work she previously had 
done-without difficulty was becoming iucieasiugly hard. Ah a result, site decided not to re- 
turn to her job after her vacation in .\uKUstv K\e« with \ery little work to do at home, 
however, she was increaMingK uwaie of he* weakness and her family observed that she was 
becoming pale. Theic wus a weight lo>a of appioxinmUdv l.'J pounds from midsummer to 
October. Five days before admission '-he had an eim*His of gteen colored vomitUs which 
contained no food partirles. she felt dirzy, and ha<l a -<»nse of i-ulHterunl oppression. The 
latter sj’uiptom required whenc'ier sthe moved about Uet home and diRappeared within a few 
minutes after Aw would lie 'lomi Melemu had mwei been observed. She did not complain 
of puiestheaia?. 

The patleut has bceu in leasonabl^ good healtSi dmiug most of her life. Her hair 
began to turn white at the age of 3.5 years. Her only pre\iou^ hospituluation had been for 
an upper icspiiutory infoetion in Februar\. I04.5f at that time hei red liluod rell count wns 
normal, 

Physical esaiuumtion showed the patient to be a rather small, bhie-eycd, white-halicd 
elderly woman who lay very quietly m bed and slept almost constantly except when she 
was disturbed. Her skin and mucous membranes were pale and a distinct lemon yellow 
color w'as piesent. Vessels of hci retina showed arteriosclerotic changes. She was edan- 
lulous and the aides of her tongue were smooth. Theic was a dorsal kyphOKia and fine luoiKt 
rales were heard at both bases. Tito area of cardiac duUuo.-s extended 10 cm. to the left of 
the midaterual Ime ami a soft s>8tolic murmur, loudest nt the base, was heard oter the 
whole precordium. Cardiac rhythm was made irregulat by frequent premature systolic 
contractions. Blood pressure 120/52. Liver and spleen were not palpated; no abdominal 
mosses were felt. Felvic and rectal esammatious weie esscntiully negutiYC, Tiicre was no 
significant degiee of lympli node enlargement. A few xmall puipune areas we»o present 
over the dorsum of the hands and forearms. All deep ictlexes were noimally active and of 
equal intensity on the two Rides. There was no detectable disturbance of position or of 
vibratory sense. 

Urinalysis was within normal liiiuts. No occult blood oi paiaaites weie fouud in the 
feces. The Kahn test was negative. The initial blood studies show ed ■ re«l blood ceil count 
1,170,000 cells per cu. mm., hemoglobin 5 4 Gm., letjculocjtes 0.7 per cent, hematocrit bS 
per cent, white blood cell count 3,400. There was maiked anisucyto.sis and poikilocytosia 
of the red Wood cells with a mean eorpiisculur volume of 138 cubic imuroub and a menu 
corpuscular Ucmoglobm concentiation of 33 per cout. Leucocytic differential was wthin 
normal limits but the polymoTphonuclvar leueoejtea were hypersegmenled. Bone marrow 
removed by hterunl aspiintioa appeared hyperplasttc, particularly for ervtlnoid elemeiitH 
Theie was .a distinct increase m the jiereentDge of early erythroMusls ami incgakibhiHt.^. 
Icterus index 10. Cephalin chole^teiol docculation ivsl two phis. The I.V. hippiuic sudd 
test resulted in a urinary excretion of 0.43 Goi. of mmIiuiu beusoate within I hour. X.P.N. 
was 22 mg. per cent. Total plasma protoin coaccntra.tion was 0.88 Gm. per 100 o.c. with 4.43 
Gm. of albuniiu and 2.43 Gm. of globulin. A histamine lefractory acldorhydria was pre^‘ent. 

Koentgenogram of the chcbt showed evidence of marked peribronchial fibrosis in. both 
lung fields, aicas of calcification in the descending aoita, moderate cardiac enlargement, 
and kyphosis in the midtbmaeic region. Fluoroscopic study of tho gastrointestinal tract 
revealed no abnormalities except two rounded areas of irregular calcification in the gall 
bladder region. Electrocardiogram showed the cliangO’* of left bundle bianch block. 

As is stated in tho body of the paper, this patient oxpencnced a ttrikiug senao of 
well-being on the thiid day of therapy with L. easei factor. Sho has now improved maikodh 
in strength, is gaining weight,, and no longer expcrie»ee.H substernal opprc'.sion wiien >.110 
walks around the w'arJ. 
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E. K., white female, 73 yeais of age. This woman is a spinster who lives alone. The 
history she gives is not entirely coherent and other members of the family are not able to 
provide much additional information. Her hair had begun to turn white before she was 
30 years old. Menopause occurred ten years later. In 1927 or 1928, she noted weakness, 
tingling in her feet and hands, sore tongue, dyspnea, and slight ankle edema. The physician 
consulted told her she had an anemia and advised her to eat liver. She impreved remark- 
ably and all symptoms other than her paresthesias disappeared. A number of doctors were 
seen between this time and 1939; some gave her liver extracts but the patient was quite 
irregular either in reporting to her physicians or in eating liver. In October of 1939, she 
became nauseated and vomited persistently for several weeks. She became increasingly 
weak and was soon confined to bed. About the middle of November her sister told her she 
was jaundiced. There was no hematemesis, no melena. A weight loss of 10 to 20 pounds 
occurred during this period. 

On Nov. 21, 1939, the patient was admitted to the St. Louis City Hospital. She was 
pale, edentulous; had a smooth, glistening tongue; her liver was palpable 2 cm. below the 
right costal margin; pitting edema of both feet and legs was detected; the Babinski sign 
was bilaterally present. Blood pressure 140/60. Her red blood cell count was 1,200,000 
cells per cubic millimeter, hemoglobin 5 gm., and white blood cells 4,500. The red cells 
were macrocytic and varied greatly in size and shape. Bone marrow studies were said to be 
compatible with a diagnosis of Addisonian pernicious anemia. A histamine refractory 
achlorhydria was present. Twenty units of liver extract were given parenterally each day. 
By the seventh day, her reticulocytes had risen to 35 per cent. When she was discharged 
from the hospital, the red blood cell level had risen to 4,080,000 and the hemoglobin to 14.5 
grams. No other therapy had been given. Fluoroscopic study of the gastrointestinal tract 
revealed no abnormalities. 

For several years, the patient returned at regular intervals to the Out-patient Depart- 
ment for injections of liver extract. She felt well and was unusually agile for a woman of 
her age. In May of 1941, she was readmitted to the City Hospital for several days because 
of a skin eruption on her legs which was said to be an “eczema.” It disappeared after boric 
ointment was regularly applied. Her red blood cell count at that time was slightly over 
4 million cells. 

Visits to the Clinic became irregular in 1944 and finally stopped altogether about five 
months previous to the present hospitalization. She remained well until the end of October 
when she again became nauseated and began to vomit. She lost her appetite, became pro- 
gressively weaker, and became bedfast early in November. There was no orthopnea, no 
dyspnea, but ankles were occasionally swollen. No hematemesis or melena was observed. 

Physical examination revealed a lethargic, almost comatose elderly woman who was 
very pale and who had a slight icteric tint to her sclera and skin. Her temperature was 38.5° 
C., pulse 92, respirations 36, and blood pressure 120/50 nun. of Hg. Her skin was dry and 
hot. Tongue was smooth; mouth, edentulous. There were signs of fluid in the right pleural 
cavity. A moderately loud systolic murmur was audible over the entire precordium. No 
masses or organs were palpable in her abdomen. Eeflexes were normally active; there were no 
pathologic toe signs; vibratory sense was diminished over both legs. 

Urinalysis showed 2 plus protein and a rare granular cast. The hematologic data are 
summarized on the chart (Pig. 2). Bed blood cells were macrocytic and varied greatly in 
.“lize and shape. The differential white blood cell count was normal except for an occasional 
myelocyte and for hypersegmentation of the polymorphonuclear neutrophils. Sternal marrow 
was hyperplastic and showed a striking increase in megaloblasts. Blood Kahn test was 
negative; the N.P.N. was 32 mg. per cent. Total plasma proteins were 5.2 Gm. per 100 c.c. 
ivith 3.3 Gm. of albumin and 1.0 Gm. of globulin. Venous pressure was 122 mm. of saline. 
Pleural fluid showed a specific gravity of 1.013 and a protein content of 2.85 Gm. per 100 
cubic centimeters. 

Because of the patient ’s critical condition, a transfusion of 500 c.c. of citrated blood was 
given shortly after she entered the hospital. Her temperature returned to normal. The fol- 
lowing day administration of 30 mg. L. casei factor orally per day was begun. On the sixth 
day, however, signs of bronchopneumonia developed and a decubitus ulcer formed over' her 
sacral area. She was given 1.0 mg. digoxin intravenously. Administration of penicillin in 
doses of 40,000 units every 2 hours (intramuscularly) was begun; after 12 hours, the amount 
was reduced to 20,000 units every 2 hours. Within 72 hours she was markedly improved. Ad- 
ministration of penicillin has now been discontinued. She is eating well, and feels much 
stronger. 
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edge, they have never been foajuv ‘?ho In^f ^ stools per day. To her know!- 

period and became progressively weaker Early^^iTm'-'^ ^i daring this 

and generalized pains tirrongUout her U” LrtK L 

bat there was no associated dyspnea or orlhoonea 4 '“f nr her ankles began to swell 

from July 2, 194S, to August ‘>4 lojj v, ,• ®’'? A Pnt>ent m tho Barnes Hospital 

is; £H “s=fi::\rc;.s:,,x= 

able! Thetbdonlal wT° ''“ -"r"'''- '^'"= ‘™‘' '""Ba were not lemark- 

livs . Aoaoramal wall was very thin so that peristoltio patterns were easily scon- 

foun” PeWc “"'l “"S*": ongans or masses 'were 

"■as negative «'■» '-aginal mucosa to be atrophic. Rectal examination 

ttiifh of t}io extremities elioued pronounced atrophy of both letr and 

th.gh muscles Beep relieve,, were normally activo and equal on the two Les. xlre^^re 
. P ological toe aigna and no'sensory disturbances were detected. 

for th!!‘wr^'‘" "A-AiAAtions wore repeatedly negative 

hI.! , ‘''“'X' “'■ Blood Kahn reaction was nogTtire 

• ovIm ! O ° AA ‘’A''"'"' ‘''A'X' AAlls S.dMfiOO. hemoglobm 9 grams, reticulo’ 

Set "■“‘A '"'A 2,Si>9. platelet.. 129,000. The ieueocytic dilTereatfal was ntmal 

wifj, uefimto macrocytosis of the red cells (mean corpuscular volume 234 cubic microns) 
tion poikilocytoai.'*: the polymorphonuclear ncutropliils .«.ho\ved hypersoffmenta* 

crP'iL ■ removed by stcrn-al aspiration was normally cellular but showed an ia- 

ervtJ S percentage of erythroid elements with a definite increase in the number of early 
of megalob].a.sts. Total serum protein %\as 5.9 Gm. per 100 c.c. with 4.0 Gm. 

SUM In an oral glucose tolerance te^t the fasting blood 

gar was 09 mg. per cent while the highest v.ilue reached following the injection of glucose 
intnavenous glucose tolerance test the following day showed V 
. . sugar of 07 mg. per cent; 253 mg. per cent at tlie end of one-half hour after 

jection of the glucose; 150 mg. per cent at the end of two hours and a value of 67 mg. 

P r cent at the end of three hours. Gastric analysis showed no free acid after histamine. 

^ I'o ueterminations of tho amount of fat per dry weight of stool varied from 50 to 76.5 per 
irn calcium was 6.8 rag. per cent, scrum phosphorus 2.9 mg per cent and phosphatase 

^ odansky units. Fluoroscopic studies of the gastrointestinal tract revealed no abnormality. 

Q estmal contents aspirated from the duodenum were normal for amylase and trypsin but 
contained only small amounts of lipase activity. ' 

^ Since Nov. 5, 3945, thi.s woman has been given an average of 20 mg. of synthetic Z. caxet 
or intravenously per day. Her reticulocytes began to increase on the third day and reached 
^ peak value of slightly over 30.2 per cent. The red cell count has risen from approximately 
0 approximately 3.5 million coIl.‘>, and the erythrocytes have now become hypochromic. The 
‘oat 13 much improved clinically, fech stronger, and has gained six pounds in weight. 

if. W., white female, 32 year-s of age. This woman had always been in reasonably 
Soo health until the last trimester of her fiisf pregnancy in 3935. At that time, .and during 
nst two months of each of her four subsequent pregnancies, she became weak, pale and 
®o erately short of breath. Each of her children was delivered in .a different hospital and each 
s etrician. told her that she had a severe degree of anemia. . Transfusions nere given at the 
her third and fourth children were born; liver e.vtract was also administered but no- 
_^'®®‘'itologic study was made of her response to therapy. She was admitted to the- 
It' Maternity Hospital on Oct. 25, 1945, and shortly thereafter delivered her fifth child. 

''as found that she had a red cell count of slightly over 1 million colls and a diagnosis of 
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pernicious anemia of pregnancy was made. The patient and her husband, however, refused 
to let transfusions be given and the patient discharged herself from the hospital when an 
attempt was made to give her liver extract. On Nov. 14, 1945, she asked to be admitted to 
tho St. Louis City Hospital because she was extremely weak and had by that time become 
convinced that further tlierapy was necessary. It is noteworthy that although this woman ate 
liver about twice a month, she ate only small amounts of any other form of meat. She regu- 
larly prepared a meat dish for her family each day, but usually chose to eat none herself. 
She did regularly drink three glasses of milk a day, eat one or two eggs a day, and usually 
some cheese. Her weight gain during this last pregnancy was normal. 

Physical examination showed the patient to be listless, extremely weak, and’ very pale. 
There was a definite lemon yellow tint to her sclera and skin. No significant enlargement of 
lymph nodes was detected. The papillae of her tongue were not atrophic. Both lung fields 
were clear; the heart was not enlarged in size; rhythm was regular; a soft systolic murmur 
was audible over the whole precordium. Liver and spleen were not felt. Pelvic examination 
showed that tho uterus was apparently involuting in a normal manner. Examination of the 
extremities revealed no abnormality. Reflexes were normally active and equal on the two 
aides; no sensory disturbances were detected. 

Urinalysis was within normal limits. Hematologic study showed the red cell count to be 
1,130,000, hemoglobin 5,5 grams, reticulocytes 7.4 per cent, white cells 10,000, platelets 89,300. 
Leucocytic differential was as follows; myelocytes 3, metamyelocytes 2, stabs 2, segmented 
neutrophils 53, lymphocytes 30, monocytes 4. There was marked anisocytosis and poikilocytosis 
of the red cells with definite maeroeytosis. Three normoblasts were present for one hundred 
white blood cells. The hematocrit value was 10 per cent, the mean corpuscular volume 145 cubic 
microns, and the mean corpuscular hemoglobin concentration 36 per cent. Bone marrow 
removed by sternal aspiration was very cellular and was characterized both by an increase' in 
the percentage of erythroid elements and a definite , predominance of early erythroblasta and 
megaloblasts. The icterus index was 12 and the serum iron viilue 0.183 mg. per cent. Blood 
Kahn reaction was negative. A histamine refractory achlorhydria was present on Nov. 16, 
1945, but 11 degrees of free acid were found thirty minutes after histamine on Nov. 27, 1945. 

Daily administration of 20 mg. of L. casei factor intravenously was begun on Nov. 17, 
1945. 'Within forty-eight hours, the patient experienced a sense of well-being which was quite 
remarkable. Her red cell count has risen rapidly so that a level of 3 million cells was at- 
tained on the fifteenth day after therapy was instituted. She has now been discharged from 
tho hospital, 

NOTES 1 

*Fermentation factor of Hutchings and associates.ri* 

**Generou8ly supplied by the Cerophyl Laboratories, through the courtesy of Dr. W. B. 
Graham, Jr. 

***Cliarcoal adsorption and elution, followed by superfiltrol adsorption and elution. 
This material had an activity of 1,0 mg. potency 40,000 units per gram; assayed with L. casei. 
As nearly as can be estimated at present, 1 mg. of potency 40,000 units is equivalent to from 
0.25 to 0.5 mg. of the pure L. casei factor. 

****Two additional patients with Addisonian pernicious anemia are currently being 
given 2 mg. of synthetic L. casei factor intravenously per day. Reticulocytes began to rise in 
both patients on the fifth day of therapy; but the response is submaximal and the clinical im- 
provement has not been dramatic. 
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A NOTE ON GASTRIC RETENTION IN ONE-HOUR, TWO-DOSE 
GLUCOSE TOLERANCE TESTS 

Jack R. Leonards, Ph.D,, and Alfred H. Free, Ph.D. 

Cleveland, Ohio 

O NE of the most popular glucose tolerance tests at the present time is the 
one-hour, two-dose test devised by Exton and Rose in 1934J The test as 
originally described is carried out by giving two 50 Gm. doses of glucose tliirty 
minutes apart and determining the blood sugar at 0, 30, and 60 minutes. The 
criteria of a normal response include a fasting blood sugar within the normal 
limits of the blood sugar method employed, a rise in blood sugar which does 
not exceed 75 mg. in the 30-minute sample, a blood sugar level in the 60-minute 
sample which is less, the same, or does not exceed the 30-minute sample by 
more than 5 mg., and urine samples that are all negative to Benedict’s test. 
The test is based on Allen ’s paradoxical law'- wliich states that there is no limit 
of tolerance to glucose given by mouth to the normal animal but that diabetic 
animals exhibit definite limits of tolerance. The test also utilizes the phenomenon 
observed by Hamman and Hirsehniann,* that after successive doses of dextrose 
given by mouth, the level of each successive rise in the blood sugar curve is 
lower than the preceding one. Since the original description of the one-hour, 
two-dose test, there have been several clinical studies made employing the test 
and criteria as originally described or using some modified criteria for the diag- 
nosis of diabetes mellitus and other disorders of carbohydrate metabolism.^"® 
This repoi-t describes studies of the gastric retention of glucose follomng the 
one-hour, two-dose test. 

Glucose tolerance tests were carried out in sixteen normal male medical 
students following the procedure of Exton and Rose.’ After taking the 60- 
minute blood sample, the gastric contents were witlidrawm by a stomach tube 
and analyzed for glucose. The time required for obtaining tlie gastric contents 
was generally about ten to twenty minutes. The venous blood sugar levels 
determined by the Myei-s-Bailey method’ averaged 96, 143, and 139 mg. per 
100 e.e. for the 0-, 30-, and 60-minute samples, respectively. However, the 
amount of glucose recovered from the stomach varied from 38 to 62 Gm. and 
averaged 50 Gm. There was no correlation between the blood sugar changes 
in the various subjects and the amount of glucose remaining in the stomach. 
It is apparent that although 100 Gm. of glucose were ingested in the two doses, 
less than 50 Gm. of sugar usually emptied from the stomach into the duodenum 
and correspondingly less than 50 Gm. were absorbed into the blood stream dur- 
ing the houi’-. This is consistent with our observations and those of others,’"®* ® 
that the average blood sugar pattern is quite similar during the first Iiour, when 
either one dose or two doses of glucose are given. Slany investigators have 
failed to give this fact proper attention and have been inclined to accept the 
two-dose test as a more accurate index of disturbed earbohj^drate metabolism. 

From the Cepartraent of Biochemistry, School of Medicine, Western Reserve University. 
Received for publication. May 17. 1945. 
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photoelectric determination of blood thiocyanates 

WITHOUT PRECIPITATION OF PROTEINS 

W. N. PowEix, ai.D. 

Temple, Texas 

FN THE treatment of hypertension with potassium thiocyanate, frequent de- 
terminations of the amount of tliioeyauato in the blood are important to main- 
tain adequate therapeutic levels and to prevent possible toxic effects from over- 
osage. The colorimetric determination of thiocyanate has been based upon its 
J'eaction with a ferric salt to form a colored compound. The original method 
adapted by Schreiber^ from the procedure of Beared' has been variously modi- 
^d. One of the most widely used methods is tliat of Barker,^ and modiiications 
aye been proposed by Crandall and Anderson,* Lavietes, BourdilZon, and 
inghoffer,® GriiSth and Lindauer,® RavinJ and others.®' ® Molenaar and Roller*® 
proposed a photometric method aud Ginsburg and Benotti** Iiave devised a 
the Evelyn photoelectric colorimeter which does not require the 
Rreliminary precipitation of the serum proteins. The method to be described 
yas de vised for use with the Klett-Snmmerson photoelectric colorimeter but 

^om the Department of Clinical Laboratories Scott and "iVnite CJinla 
Received for publication, Auff. 3, 1945. 
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could easily be adapted for use with. photoelectric instruments of other types. 
The advantages of this method and its accuracy as compared with previous 
methods will be discussed. 

METHOD 

Reagents . — 

1. Thiocyanate standard* 

(a) Stock — Dissolve 2.0 Gm. of C.P. KCNS in 1 liter of distilled 
water. Titrate this solution against 20 c.c. of a solution of 
C.P. AgN03(2.924 Gm./liter) plus 5.0 c.c. of concentrated 
HNO3, using 1.0 c.c. of a saturated aqueous solution of ferric 
ammonium sulfate as an indicator. Calculate the dilution of 
the thiocyanate solution needed to make 20 c.c. of it eciuivalent 
to 20 c.c. of the silver nitrate solution. After making this dilu- 
tion, check by another titration to be sure the potassium thio- 
cyanate solution is exactly equivalent to the silver nitrate solu- 
tion. This final stock solution contains 100 mg. of CNS ion 
per 100 c.c. 

(b) Working standard — Dilute 10 c.c. of the stock standard to 100 
c.c. with distilled water. This solution contains 10 mg. of CNS 
ion per 100 c.e. 

2. Ferric nitrate solution 

Dissolve 50 Gm. of crystalline ferric nitrate in 500 c.c. of distilled 
water, add 25 c.c. of concentrated HNO3 and make to 1 liter 
with distilled water. 

3. Blank solution 

Dilute 25 c.c. of concentrated HNO3 to 1 liter with distilled water. 

Calibration . — In Klett-Summerson tubes mix 1.0 c.c. of working thiocyanate 
standard, 8.0 c.c. of distilled Avater, and 1.0 c.c. of ferric nitrate solution, klake 
this determination in triplicate, read after five minutes against a distilled Avater 
blank at zero, using a No. 54 filter (spectral range, 500-570 millimicrons), and 
record the average of the three readings as the standard reading S. Since the. 
reagents are stable, a new standard.reading need be determined only at intervals 
of several months or Avhen a ucav set of reagents is made up. It Avill be shoAvn 
in the subsequent discussion that there is direct proportionality betAveen the 
readings Avith the Klett-Summerson instrument and varying concentrations of 
thiocyanate. 

TEST 

UNKNOWN BLANK 

4.0, C.C. distilled water 4.0 c.c. distilled Avater 

0.5 c.c. serum 0.5 c.c. serum 

Mix. Mix. 

0.5 c.c. ferric uitrate reagent, slowly with 0.5 c.c. blank solution, slowly witli shaking 

shaking 

Mix well, let stand five minutes and read in the instrument using the No. 54 filter. 

Calculations. — Subtract the reading of the blank from the reading of the unknown to 
obtain, the true reading of the unknown (U). 

-5—^ 10 mg. of CNS ion. per 100 e.e. of serum 
S 

•In the method described by Barker’ there Is an error which apparently has escaped de- 
tection by later writers.’ According to Barker’s directions, one dissolves about 1 Gm, of po- 
tassium-thiocyanate in 800 c.c. of distilled water and then standardizes this against a solu- 
tion of silver nitrate containing 2.9195 Gm. per liter, so that the final stock solution of thlo- 
rvanate- contains 100 mg. of thiocyanate ion per 100 c.c. Obviously, a solution of potassium 
thiocyanate containing 1 Gm. per 800 c.c. is too weak to be made equivalent to the silver 
nitrate solution described and from such a solution it would not be possible to prepare a stock 
standard of the required strength. 
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Since potassium tliiocyaiiate is hygroscopic, an accurate standard cajuiot 
be prepared by weighing out the salt. Instead, it is necessary to make a solu- 
tion stronger than the one required and to standardize this against a silver 
nitrate solution. 

The calibration of tho Klctt-Sammcrson instrument having a special scale 
is simplified by the fact that the scale readings are directly proportional to the 
thiocyanate in varying strengtlis of standard. The calibration curve is a straight 
line except for concentrations approaching 20 mg. per cent as is shown in Fig. 1. 
Therefore, the use of a standard reading S obtiiined from readings on a standard 
solution containing 10 mg. of CNS ion per 100 c.e. is valid within the range of 
values usually encountered in blood thiocyanate dctei-minations. 



Oinsburg and Benotti" employed as a ferric salt a solution of ferric cliloride 
-instead of ferric nitrate, since they found that in tiie proportions of one part 
of senim to two parts of reagent excessive turbidity was produced by the ferric 
nitrate reagent. With the method proposed in the present paper, this objection 
does not apply since the final dilution of serum is 1 :10. Numerous observations 
have shown that any turbidity produced is minimal, is not progressive for 
periods up to one hour, and is, in addition, perfectly compensated for by the 
blank determination. Tho ferric cliloride j-eagent has several disadvantages: 

- First, The reagent itself has a distinct yellow color which precludes the use 
of a blank reading, except, as is proposed by Ginsbiirg and Benotti," on serum 
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from each patient before any thiocyanate is administered. Not only would 
this procedure be time consuming and often not feasible in routine clinical 
laboratory practice, but, in addition, it disregards the thiocyanate normally 
present in humair blood serum which is often not inconsiderable. A second 
disadvantage in the omission of a routine blank determination is that in jaun- 
diced or hemolyzed blood a considerable error is introduced. In the proposed 
method neither jaundice nor hemolysis alters the accuracy of the final readings 
since the blanlr reading compensates for any altered serum color (see Table I). 


Table I. — ExpEr.iiiENTAL Becovery op Tiiiocyaxate Added to SEEUii 


SAilPLE 

ANTICIPATED 

KECOVEUY 

(MG.) 

ACTUAt* 

RECOVERY 

(MG.) 

I'ERCENTAGE 
RECOVERY 
(PER CENT) 

percentage 

ERROR 
(PER CENT) 

1 

2.95 

3.0 

101.0 

+1.0 

2 (Bed from 

5.15 

5.10 

99.0 

-1.0 

hemolysis) 

3 

5.3 

5.3 

100.0 

0.0 

4 (Bed from 

5.35 

5.35 

100.0 

-0.0 

hemolysis) 

0 (Red from 

6.90 

6.93 

100.3 

+0.3 

hemolysis) 

6 

10.23 

10.33 

100.9 

+0.9 

7 

10.5 

10.33 

9S.3 

-1.7 

S (Bed from 

10.53 

10.7 

101.6 

+1.6 

hemolysis) 

9 (Bilirubin, ZA 

10.53 

10.7 

101.6 

+1.0 

mg. %) 

10 

13.6 

13.6 

100.0 

0.0 

11 

15.2 

15.0 

98.0 

-1.4 

12 

16.5 

16.3 

9S.1 

-1.9 


Maximum per cent error, 1.9 ; Average per cent error, ±0.95. 


A possible third disadvantage in the use of ferric chloride lies in the rapid 
fading of the color produced. According to Ginsburg and Benotti,*' the color 
fades appreciably after five minutes and any delay in reading causes a con- 
siderable error. The ferric nitrate I’eagent, in contrast, produces a color which 
I have found to be constant for periods up to several hours. However, in my 
own experiments with the ferric chloride reagent I have had no difficulty with 
fading but have found the color produced to remain constant for at least one 
hour. 

The accuracy of the method proposed is shown by the quantitative recovery 
of thiocyanate added to serum in varying amounts as is shown in Table I. 
Neither jaundice nor hemolysis interferes with accurate recovery. 

Trichloracetic acid has been employed as the precipitant in the majority 
of methods involving preliminary protein precipitation. Chesley’- concluded, 
after a number of experiments, that either trichloracetic or tungstic acid was 
satisfactory. Parallel determinations by the proposed method and a method 


Table H. CoiipAiLwira Eecovemes op Thiocyan.ate With and 'Without Precipitation 

OP Proteins 






RECOVERY ON 

% RECOVERY 



RECOVERY BY 

% recovery 

TRICIILOR- 

ON TRICHLOR- 


ANTICIPATED 

PROPOSED 

BY PROPOSED 

ACETIC ACID 

ACETIC ACID 


RECOVERY 

METHOD 

METHOD 

FILTRATE 

FILTRATE 

SAMPLE 

(MG.) 

(MG.) 

(PER CENT) 

(MO.) 

(PER cent) 

1 

5.0 

4.95 

99.0 

5.0 


2 

10.7 

10.65 

99.0 ■ 

10.37 

96.9 

3 

12.03 

11.85 

98.5 

11.85 

98.5 

4 

13.02 

12.74 

97.8 

12.60 

96.5 

5 

13.8 

14.07 

101.9 

13.3 

96.4 

6 

14.4 

14.4 

100.0 

13.7 

95.1 
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uaing a trichloracetic acid filtrate were made on pooled serum containing known, 
measured amounts of potassium thioej'anatc. The results are shown in Table II. 
The recoveries shown are representative of those recorded for a number of 
similar experiments and indicate for the proposed method an accuracy equal 
or even superior to that of methods employing protein-free filtrates. 

SUMMARY 

1. A rapid, simple method for the photoelectric determination of thiocyanate 
in serum witliout precipitation of proteins has been described. 

2. Thiocyanate added to serum in Imown amounts is recovered with an 
average error of approximately + 1.0 per cent. 

3. The advantages of the proposed method over previous methods have 
been discussed. 
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A GOLOEIMBTRIC DETERIMINATION OP PARALDEHYDE 


W. W . Wkstkrpeld, Ph.D./ 

Boston, SLiss. 

A METHOD for the determination of paraldehyde in biologic fluids, follow- 
ing its administration, is provided by the p-hydroxybiphenyl color reaction.' 
The recovery experiments herein summarized show that the convenient proce- 
dure described by Stotz' for the analysis of blood acetaldehyde can be applied 
with little modification to the determination of paraldehyde. 

The color is developed by the following procedure (for additional details, 
see reference 2) : To 1 e.c. of the solution containing between 0.2 and 2.5 jug., 
pai’aldehyde, add 0.05 e.c. of 5 per cent copper splfate; cool in an ice bath 
while 8 c.c. of concentrated HoSO, (specific gravity, 1.84) are added slowly with 
agitation. Deliver 0.2 c.c*. of the p-hj'-droxybiphenyl reagent (1 per cent p-hy- 
droxybiphenyl in 0.5 N NaOII) directly into the solution; disperse the precipi- 
tate by shaking, and allow the tube to stand for one hour at room temperature 
with occasional shaking. Then heat in a boiling water bath for one and one-half 
mimctes, cool, and read the intensity of the color in a photoelectric colorimeter 
with a 565 filter. A reagent blank prepai’ed simultaneously Avith 1 c.c. water is 
used to adjust the galvanometer to 100, and the concentration of paraldehyde 
in the unknown is obtained from a standard curve; the latter is prepared by 
developing and reading the colors, as previously described, with a series of solu- 
tions containing Imown amounts of paraldehyde. 

Possible sources of error in the use of this reagent have been described by 
Barker and Summerson.' The development of a strong green color m the test 
upon the addition of the p-hydroxybiphenyl reagent results in erratic and in- 
adequate color development and is usually due to the use of impure sulfuric 
acid. Inadequate cooling of the solution during the addition of the 112804 may 
give rise to a lactic acid color reaction. 

When tlie usual 1 :10 tungstic acid filtrate of blood is further diluted ten 
times or more, the color can be developed directly with a 1 c.c. aliquot. The 
expected blood levels of from 2 to 25 mg. per cent paraldehyde'* ° can thus be 
determined by the analysis of 1 c.c. of a 1 -.100 blood filtrate, and larger amounts 
ca2i be detemiined on more dilute filtrates. Complete recoveries were obtained 
by this procedure when from 2 to 100 mg. per cent par-aldehyde were added to 
blood; without added paraldehyde, 1:100 blood filtrates gave no color in the 
test. A 0.1 c.c. sample of finger-tip blood deproteinized in 10 c.c. dilute tungstic 
acid (prepared from 0.2 c.c. of 10 per cent sodium tungstate and 0.2 c.c. of 
2/3 N H2SO4) provides a eoirvenient filtrate for paraldehyde analysis. 

Less than 2 mg. per cent paraldehyde cannot be determined satisfac- 
torily by a similar analysis of an undiluted 1 -.10 blood filtrate, since this more 
concentrated filtrate gives some color in the absence of added paraldehyde. 
These smaller amounts, as well as higher concentrations, can be determined by 
the analysis of a 1 c.e. aliquot of a distillate prepared in the manner described 
by Stotz.- The distillation procedure eliminates the interference by other blood 

From the Department of Biological Chemistry, Harvard Medical School. 
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eonstitucnls, such as lactic acid, and is therefore more reliable than a direct 
color development on the diluted filtrate. Complete recoveries of from 0.2 to 
3 mg. per cent added paraldehyde were obtained in 5 c.c. of distillate when an 
aliquot of a 1 :10 filtrate of blood was diluted to 10 e.c. and distilled. The trace 
of acetaldehyde normally found in blood” is a limiting factor in the analysis of 
minimal quantitie-s of paraldeliyde, and this interference becomes detectable 
when the paraldehyde concentration is less than 0.5 mg. per cent. Complete 
recoveries of from 2 to 100 mg. per cent added paraldehyde were obtained in 
10 c.c. of distillate when 1 c.c. of the 1 :10 tungstic acid filtrate was diluted to 
15 e.e. and distilled. Urinary pai’aldehydc can also he detennined by the dis- 
tillation method: a preliminary precipitation of an aliquot with phosphotnngstic 
acid (25 e.e. of 25 per cent phosphotiingstie acid per 100 e.e, urine) and re- 
moval of the precipitate avoid excessive foaming during the distillation. 


T.VDLE I. ReCOVESY of P.vrALDEHYDE .\DDED TO BlX)OD 


I'AR.tLDElI'TDE ADUED TO 

1 ac. BLOOD 
(M) 

PEii CENT nreovEny 

1 DISTILLATIO.V 

[ METHOD 

j DinECT 

1 METHOD 

2 

123 

— 

3.3 

110 


0.5 

301 


7 

98 

— 

15 

301 

— 

20 

99 


23 

93 


30 

87 

310 

70 

100 

309 

150 

100 

104 

200 

94 

103 

300 

99 

100 

400 

99 

03 

500 

102 

302 

750 

97 

97 


95 

D8 


The paraldehyde was added to the water with which the blood was lakctj during the 
preparation of a protcln-freo filtrate, and the latter was analyzed for paraldehyde by bote 
the distillation and direct methods. 


Paraldehyde was found to be quite stable in whole blood or in a tungstic 
acid filtrate during storage in a stoppered tube at 4® C.j less than 10 per cent 
loss occurred in three wcelcs. This method will not distinguish between acetalde- 
hyde and paraldehyde, but the blood level of acetaldehyde is nonnally from 
0,02 to 0.05 mg. per cent and would not be expected to exceed 2 or 3 mg. per cent 
even in acute alcoholism. 


SUiI3r.VRY 

A procedure is described for the determination of paraldehyde in biologic 
fluids by means of the p-hydroxybiphcnyl color reaction. 
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THE J. S. B. STAIN FOR BLOOD PARASITES 


Reginald D. IManwell* 

Washington, D. C. 

A lthough stained blood films are almost universally used for the dem- 
, onsti'ation of such parasites as the malaria parasites and Trypanosomes, no 
one method has received general acceptance. That this is true is evidenced by 
the new techniques, or modifications of old ones, which are continually appear- 
ing in print. The chemical reactions involved in the staining of cells are still 
largely unknown, and staining methods are stiU largely empirical. 

Most of the commonly employed blood stains belong to the Romanowski 
group, so called because the Russian, Romanowski, devised the parent of them 
all in 1891. He used a combination of methylene blue and eosin which has been 
modified in different ways by numerous workers since but fundamentally im- 
proved by only a few. Of such modifications, Giemsa’s is generally considered 
the best. Nevertheless, even this method has certain disadvantages, for it is 
rather slow and the stain is costly and difficult to prepare. 

It is probable that in the United States, Wright’s is more widely used than 
Giemsa’s method. It gives excellent differentiation, is faster, and is less ex- 
pensive. However, it is less unifonn in the quality of results and docs not keep 
well in hot climates. 

In the United Kingdom, Leishman’s modification is very popular. It is 
similar to Wright’s in the manner of use and probably is more consistent in the 
quality of staining. It is, however, very difficult to obtain in the United States, 
and films stained with Leishman’s are said to fade more readily than those 
stained by Wright’s or Giemsa’s technique. 

Recently a new method has been introduced by Field (1940) which has 
been widely adopted because of its speed. By its use a thick smear can be 
stained in as little as ten seconds, and, provided drying can be hastened by 
jilacing in an incubator or current of hot ah', it is ready for examination very 
soon afterward. Thus this method has a great advantage for a busy physician 
or technician who must make his diagnosis as soon as possible. But Field's 
stain is of little value for thin smears and does not give preparations ivhich in 
any wmy equal those obtained by the older processes just mentioned. 

This paper concerns a staining method which was devised and very recently 
reported by Singh and Bhattachax'ji (1944) and which seems superior to all 
other Romanowski staining processes wherever results of high quality, quickly 
obtained, are desired. We have used the method quite extensively and have 
found it to possess these advantages: 

1. It is easily prepared from ordinary medicinal methylene blue and eosin. 

2. It is relatively inexpensive. 

3. It keeps Avell under different climatic conditions. 

4. It is extremely fast (for thin smears, eighty seconds; thick films, thirty 
seconds) . 

5. It is equallj' good for both thick and thin smears, which may be stained 
together on the same slide. 
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6. Solutions used for staining do not hat’e to be made up each time, since 
they deteriorate little on standing. 

7. Blood cells and parasites are clearly and brilliantly differentiated. 

8. HesuUs depend less on the pH of the diluting agent than with other 
Romanowski stains (especially Gicmsa’s). 

Since the original article was published in India and may not be available 
to many workers hi this country, directions for the preparation and use of the 
stain are given iiere. Certain changes ivhich the originators of the stain have 
recommended since publication of their first paper hai-e been included. 


Tivo solutions arc uscii. Solution 1 is made up from the following in- 
gredients; 


Medicinal mctljj’lene blue 0.5 Gm. 

Potassium dicliromnte 0.5 Gm. 

Sulfuric acid (1 per cent) 3.0 c.c. 

Water 500.0 c c. 


"Dissolve tJie methyleae blue thoroughly in 500 c.c. of water, Add the 1 per 
cent sulfuric acid, mi.x thoroughly, and then add tlie chrome salt. A heavy 
amorphous purple colored precipitate of methylene blue chromate forms. Heat 
in an autoclave at a temperature of 100* to 300* C. and a pressure of 0 to 5 
pounds for three hours. At the end of this period, the solution turns blue which 
indicates almost complete polycliroming. If the color remains greenish, further 
heating for another hour or so is required. If the temperature is allowed to rise 
above 110* G., the oxidation of methylene blue may be earned too far and the 
solution will turn a violet purple. 

"When the solution has turned deep blue after tliree hours* boiling, allow it to 
cool at room temperature. Then add 10 c.c. of 1 per cent potassium or sodium 
hydroxide solution, drop by drop, very gradually while constantly shahing the 
dash. After the total amount of alkali has been added, transfer half of the con* 
tents of the flask into another of the same capacity and continue shaking for 
fifteen minutes more. Transfer the contents of the flasks into each other. In 
this way the precipitate will gradually get dissolved and the solution will turn 
deep blue with a violet iridescence. Lcai’C it at room temperature for forty-eight 
hours for the solution to mature; afteruard filter through a soft filter paper. . . . 
The solution will improve in staining qualities with age. 

"Solution II. This is readily picparcd by dissolving 3 Gm. of water-soluble 
eosin in 500 c,c. of tap water. A freshly prepared eosin solution may not yield as 
satisfactory a stain as one which has turned deep red after some use. 

"Solutions I and II should be kept in wide-mouth stoppered jars, 1^ inches 
in diameter by 3^4 inches in height, and set aside for forty-eight hours to mature. 
These keep well for several months, but in Solution I a thin goldeu yellow scum 
is likely to form on its surface due to a slight precipitation of the dye. This does 
not, however, interfere with staining, and the staining power of the solutions does 
not deteriorate with age." 


Oireetions for using the slain arc given as follows : 

"Thick and thin smears taken on the same slide can bo easily stained. 

1. Fix the thin smear by dipping that part of tho slide in a jar containing 
methyl alcohol for a minute or two. 

2. Dry thoroughly, preferably by waving the slide in the air. 

3. Immerse tlie whole slide in Solution I for thirty seconds. 

4. Wash in a jar containing acidulated tap water (pH 6.3 to 6.6). With 
tap water in Delhi (pH 7.6, indicator, bromo thymohblua) approximately 50 mg. 
of sodium dihydrogen phosphate or 5 drops of 5 per cent acetic or citric acid 
solutions for each 100 c.c. of water arc neccssaiy. 

5. Stain with Solution II for one second. 

6. Wash in the same jar (4) for four seconds, 

7. Immerse in Solution I again for thirty seconds (3). 
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Fig. 1. — (See opposite page ior legend.) 
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Thick Smear Atone 

1. Immerse tiro slide in Solution I for ten seconds. 

ends. (pH «-2 to 6.6) for two sec- 

3. Stain with Solution II for one second. 

1. Wash in the a.amo jar (2) for five seconds. 

5. Iznnicrse in Solution I again for ten seconds. 

ground (g’r ^ “ P“>' '’“Ck. 

7. Dry anti examine. 

niinutfandllveuK™ /“*““? “ ‘^<’““■■=<1 <Wok and thin smear ,» one 

t ^entj scL’oinla, and lor :t tiiuli sincar, only tiurty seconds," 

or ““i parasites for which Giemsa’s 

metlrnd” '‘*“‘1'® “le usualiy used can be demonstrated equally well by the 

wsults obfain 1 difference in tlie 

rather ro^'v i tend to give the erytliroeytes a 

dvinwH ‘ "-hilc a more allialinc reaction results in 

ei'iug them a grayer or more bluish cast. 

nmto method seems to give tlie best results for most of the blood 

sible "'*‘**® compare the two methods as e.sactly as pos- 

sevor ”‘Sly. smears were prepared of a number of species of Plasmodia 

nnr-i ^ Trypanosomes, and of Leis/imama donovani. Some of each 

Undul' fi stained by each meliiod. These were critically compared 

Th iHcroscope, atid a series of pliolograpbs was made os shown in Fig. 1. 

bv't/' columns were made from slides stabled 

y the Giemsa technique and tiiose in the other two columns show the same 
speeies of parasite stained by the J, S, B. proeess. It will be noted that the 
^ ’0 teclm!qne.s give equal differentiation. Actually the color characteristics of 
h > parasites and blood cells are similar, whichever the process used, but black 
hh white photograpiis cannot give clear evidence of this fact. 

. determine how tlie two stains compared with respect to fading, slides 
mmoditwi malariao prepared by each process wcce divided into four groups, 
eso groups were similar in number, and the slides in each were comparable 
every respect. One of the groups served as a control, and the otiier three 
^cce subjected to the radiation from a General Electric sunlamp of 450 watts, 
h ultraviolet liglit from this lamp is said to equal live times the ultraviolet 

techn^lF' i*r-*The mJerophotographs in the first and third columns were stained by the GJemsa 
slncA**^®' others were stained by the J. S. B. method. In each case comparison Is easy 

^on Is species of parasite Is shown stained by each of the two methods. Itnigniflca- 

1 A sclilzont ot , Plasmodium knoiolesi. Giemsa. at pH 7.4. CAMif negative 00231.) e 

oi of the same species. J. S. B. at pH B.5. (AJIil negative S0234.) j, a ring forni’ 

vwaa. GJemsa at pH 7.4. (aVMM negative 30227.) i, A slightly larger 
S. B. at 6.5 pH. (AMM negative 90228.)^ 5. A large trophozoite of 
zolTn . »«aionae. Giemsa at pH 7.4. <AMM negative 30262 > 6, Two parasites (tropho- 
7 ■ ( nialarlae. J- S. B. at 7,4 pH. (AJOI negative 90266.) 

g . . , ■ m cJansiafuin. Giemsa at pH 7.4. (AMM negative 90240.) 

s’ •'. ' ■ same species. J. S. B. at pH 6.5. (AMil negative 90247.) 

jflf ‘ ■ ; reUctum. Giemsa at pH 7.4. (AMJ! negative 90277.) ja 

Sfl! . ; ■ , , 0 a female gametocyte. ^S. B. at 7.4. (AMXf negative 

goc, i ■ spleen smear (hamster). Giemsa at 7.4. (A3JM negative 

/♦“ . ■ so spleen smear. J. S B at pH (AMTiI nega ive 90253 l 

90^ vcu»LUi,j/. Giemsa at pH 7.4. (Aim ne^tlve 90215.} If, Ttypano- 

dum (culture). J. S. B. at pH 7.4. (AMM negative 90210.) IS, Trupanoaoma eouiper^ 

PH fis PH 7.4, (AMM negative 90226.) 16. 2yppo«ojo»»o eguiperdum. J. s. D. at 

** » t).5). (Aim negative 90224.) 
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radiation of full sunlight at a distance of thirty inches, so that the slides, which 
were placed only fifteen inches away, received twenty times as much ultra- 
violet radiation as from the sun in an equivalent time. Group I was exposed 
9.3 hours; Group II, 35.4 hours; and Group III, 53 hours. Sunlight equivalents 
would be 186, 708, and 1,060 horn's, respectively. 

It was found that some fading occurred in all the radiated groups, and that 
slides stained with the J. S. B. stain suffered somewhat more than those pre- 
pared by Giemsa. Furthermore, slides on which stains buffered with the lower 
pHs were used faded more than those to which stains of more alkaline pH were 
applied. It is therefore clear that staining in an alkaline buffer gives more last- 
ing preparations; yet even on those slides which faded the most, parasites and 
leucocytes were still easily visible, although the reddish components of the 
dyes had been largely bleached out. 

CONCLUSIONS 

The J. S. B. stain, recently introduced by Singh and Bhattacharji, has been 
tested and been found superior in most respects to any of the other commonly 
used processes for the staining of blood and blood protozoa. The technique 
is simple and the staining process can be completed in less than two minutes for 
thin smears and in less tlian one minute for thick films. The staining solutions 
are not difficult to make up, are relatively inexpensive, and keep well for weeks 
or months, even in hot iveather. Preparations stained by this process appear 
very much like those made by Giemsa ’s method, cytoplasm and chromatin of 
blood cells and parasites being differentiated with equal clearness and having 
similar color values. J. S. B. preparations are somewhat less resistant to fading 
but will stand much more exposure to light than they would ordinarily receive. 

Thanks are due T/4 Buth Cutter Burkenbilt for assistance in this study. 
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Erratum 

In the article by Andres Gotb, entitled “The Antitubercular Activity of Aspergillic Acid 
:rnd Its Probable Mode of Action,” which appeared in the November issue of the Jouunal, 
the sentence beginning in the sixth line from the bottom, on page 900 should read : ‘ ‘ However, 
these red colonies failed to grow as well as the controls to which no aspergillic acid had been 
added.” 
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therapy, 722 (B. Rev.) 
in human bartonellosia (Carrion's dis- 
ease), 1021 

Penicillin-heparin, subacute bacterial endo- 
carditia treated by, imrauaologic 
studies in, 559 

Pepsin, concentration of, in gastric con- 
tents, simple procedure for deter- 
mining approximate, 634 
Periarteritis nodosa, bronchial asthma., and 
hjpereosinophiUa, association of, 361 
relation of, to bronchial asthma and 
other forms of human hypersensi- 
tireaess, 195 

Peroicious anemia, I/, casei factor, synthetic, 
in treatment of, 1058 
of pregnancy, L. casei factor, synthetic, 
in treateient of, 1056 



liOO ' SUBJECT INDEX 


Toxicity, low, m animals, of boric acid as 
preservative agent, 138 
of salicylates, 378 

Triehostrongylus infection, case of, with 
notes on identifieation of ova, 262 

Tropical medicine, manual of, 722 (B. Eev.) 
outline of, 97 (B. Bev.) 

Tsutsugamushi disease, pathologic study, 
' with notes on clinicopathologie cor- 
relation, 639 

Tubercle bacilli, fluorescent method for de- 
tecting, improvements in, 892 
production line examination of sputum 
for, comparison of methods adapt- 
able to, 163 

relationship of, to Hodgkin’s syndrome, 
675 

Tuberculin antibodies, precipitin test for, 411 

Tuberculosis, experimentally induced, effect 
of oral adminstration of thymol on, 
32 

familial susceptibility to: its importance 
as public health problem, 193 (B. 
Eev.) 

pulmonary, radiography, mass miniature, 
of civilians for detection of, 473 
(B. Bev.) 

Tubular resorption test, with results ob- 
tained in nineteen cases of acute 
nephritis, 51 

Tungstic acid filtrates, potassium in, titri- 
metric determination of, 80 

Typhoid vaccine, intravenous, effect of, on 
intravenous glucose tolerance test, 
1043 


Typhus, endemic, serologic diagnosis of, 233, 
415 

rickettsial agglutination in, studies on, 577 
scrub, pathologic study, with notes on 
clinicopathologie correlation, 639 

XT 

Ultraviolet irradiation, effect of, on blood 
hemoglobin, 600 

Urinary excretion of antipernioious anemia 
factor, 1048 

Urine, aceto-acetio acid in, Gorhardt’s test 
for, 172 

female human, adrenal cortex stimulat- 
ing substance in, 428 

U. S. P. XII microbiological vitamin assays, 
simplification of, 622 

V 

Vincent’s stomatitis, therapeutic effective- 
ness of penicillin in treatment of, 
and its failure to influence favor- 
ably certain other medical condi- 
tions, 132 

Virus diseases, in vitro tests in diagnosis of, 
evaluation of, 1 

Vitamin assays, U. S. P. XII microbiological, 
simplifleation of, 622 

W 

Weltmann serum coagulation reaction for 
diagnosis of certain forms of malig- 
nant neoplastic disease, value of, 14 




